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PEEFACE 

TO    THE    SIXTH    EDITION. 

In  the  preface  to  the  fifth  edition  of  this  work,  published 
in  the  spring  of  1904,  Sir  Clement  Le  Neve  Foster  stated 
that  he  had  repaired  a  few  defects,  but  that  he  hoped  to 
re-write  the  old  work  by  the  time  another  edition  was 
required.  This  hope  was  unhappily  not  fulfilled,  for  on 
April  19,  1904,  to  the  sincere  sorrow  of  a  wide  circle  of 
personal  and  professional  friends,  his  active  and  honoured 
career  was  brought  to  an  end. 

At  the  request  of  Lady  Le  Neve  Foster  I  have  gladly 
undei*taken  the  responsibility  of  editing  this  new  edition. 
The  logical  arrangement  arrived  at  by  Sir  Clement  after 
his  fourteen  years  of  teaching  at  the  Eoyal  School  of  Mines, 
and  his  twenty-nine  years  of  Government  mine  inspection, 
has  been  maintained.  The  additions  and  alterations  describ- 
ing recent  changes  and  improvements  in  the  mining  industry, 
although  somewhat  extensive,  are  those  which,  in  my  opinion, 
would  have  been  adopted  by  the  author  himself  had  he  sur- 
vived to  carry  out  the  work. 

Previous  editions  of  the  book  have  proved  of  special  value 
to  mining  engineers  in  out-of-the-way  regions,  where  refer- 
ence-libraries are  not  accessible.  I  have  endeavoured  to 
add  to  its  value  for  such  readers  by  inserting  at  the  end  of 
each  chapter  a  carefully  selected  list  of  Memoirs  in  which 
fuller  information  can  be  sought.  An  Index  of  Authors 
cited  has  also  been  added. 
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In  conclosion,  I  have  to  thank  many  of  Sir  Clement's 

friends  for  valuable   help  in   the   revision   of    the  work. 

Especially    I    am    indebted    to    Mr.    B.    E.     Commans, 

M.In8t.C.E.,  Mr.   L.   H.   Cooke,   Assoc.B.S.M.,  Mr.   Oscar 

Guttmann,  M.Inst.C.E.,  Dr.  J.  S.  Haldane,  F.R.S.,  Mr.  F. 

Danvers  Power,  F.G.S.,  and  Mr.  W.  Thomas,  F.G.S.,   for 

important  suggestions. 

BENNETT  H.  BBOUGH. 


Sdbbiton  Hill,  Surrkt, 
Augutt  1905. 


PREFACE 

TO    THE    FIRST    EDITION. 

The  object  of  my  text-book  is  to  assist  students  in  acquiring 
a  knowledge  of  the  art  of  mining.  Books  and  lectures  are 
not  intended  to  take  the  place  of  practical  teaching  at 
mines,  but  they  render  the  training  more  thorough  and 
complete  in  many  ways:  they  serve  to  explain  the  prin- 
ciples of  the  art,  to  solve  -  difficulties  which  perplex  the 
beginner,  to  suggest  matters  which  he  should  observe,  to 
tell  him  of  things  beyond  his  ken,  and  to  supply  him  with 
a  system  for  arranging  his  ideas  methodically. 

It  will  be  seen  by  my  numerous  references  that  I  have 
not  hesitated  to  avail  myself  of  very  varied  sources  of  infor- 
mation, and  that  I  have  taken  care  to  avoid  dwelling  too 
much  upon  English  examples. 

As  far  as  possible  I  have  set  my  face  against  the  indis- 
criminate use  of  the  local  slang  of  any  particular  district. 
Mining  is  quite  difficult  enough  without  introducing  un- 
necessary technical  terms,  and  if  words  which  are  generally 
understood  by  English-speaking  nations  will  express  our 
ideas  clearly,  it  is  far  better  to  employ  them  than  to  fall 
back  upon  provincialisms  ^hich  vary  from  one  district  to 
another ;  on  the  other  hand,  certain  expressions  may  some- 
times recommend  themselves  by  reason  of  their  pithiness, 
for  adoption  into  our  tongue. 

Within  the  limits  of  this  preface  it  is  impossible  to  name 
all  the  persons  to  whom  I  am  indebted  for  matter  contained 
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in  this  volume.  Many  useful  facts  have  been  picked  up 
while  visiting  mines  at  home  and  abroad,  and  in  the  course 
of  conversation  with  my  colleagues.  I  therefore  gladly 
record  my  obligations  to  mining  men  generally,  whom  I 
have  invariably  found  ready  to  impart  their  experience. 

I  have  to  thank  the  Councils  of  the  Institution  of  Civil 
Engineers,  and  of  the  Institution  of  Mechanical  Engineers, 
the  Editors  of  Engineering  and  of  the  Engineering  and 
Mining  Journal,  M.  Paulin  Arrault,  Mr.  Augustus  Bowie, 
Mr.  William  Galloway,  Messrs.  Letcher  and  Michell,  and 
others,  for  permission  to  produce  some  of  their  figures.  A 
few  of  the  blocks  have  been  borrowed  from  Mr.  Hughes' 
"Text-book  of  Coal  Mining.*' 

Mr.  J.  6.  Lawn  and  Mr.  L.  H.  Cooke  have  given  me 
valuable  assistance  in  correcting  proofs,  and  the  former 
especially  has  saved  me  from  some  of  the  pitfalls  which 
beset  the  path  of  an  author  who  is  passing  a  book  through 
the  press.  The  very  full  index  prepared  for  me  by  Mr. 
S.  W.  Price  will  facilitate  reference  to  my  pages. 


0.  LE  NEVE  FOSTER. 


Llandudno,  North  Wales, 
May  1894. 
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INTRODUCTION. 

The  art  of  mining,  in  the  broadest  sense  of  the  word,  consists  of 
the  processes  by  which  the  useful  minerals  are  obtained  from 
the  earth's  crust.  This  definition  is  wide,  for  it  includes  under 
the  term  "  mine  "  both  open  and  underground  excavations ;  but 
it  excludes  subterranean  workings  which  are  simply  used  as 
passages,  such  as  railway  tunnels,  sewers,  and  galleries  for 
military  purposes. 

The  word  **  mine  "  is  derived  from  a  low-Latin  verb  meaning 
to  lead,  and  equivalent  to  "  ducere " ;  we  have  the  French 
word  **  mener,"  from  the  same  source.  No  doubt  originally 
the  mineral  deposit  itself  was  called  the  **mine"  or  ''lead," 
and  this  signification  has  not  been  entirely  lost,  for  we  still  find 
the  word  "  mine  "  used  as  a  synonym  for  "  seam  "  in  the  case  of 
coal  and  ironstone. 

The  word  "  mine,"  or  its  equivalent  in  other  languages,  varies 
in  signification  in  different  countries  on  account  of  legal  enact- 
ments or  decisions  which  define  it.  In  the  United  Kingdom 
it  is  the  nature  of  the  excavation,  and  not  the  nature  of  the 
mineral,  which  decides  whether  the  workings  are  a  mine  or  not. 
For  legislative  purposes  the  term  "  mine  "  is  restricted  to  work- 
ings which  are  carried  on  below  ground  by  artificial  light ;  but 
in  common  parlance  this  rule  is  not  observed,  and  the  word  used 
depends  upon  the  mineral  itself.  Thus  the  underground  work- 
ings for  building  stone  near  Bath,  and  for  slate  at  Festiniog,  are 
usually  spoken  of  as  quarries,  but  are  treated  legally  as  mines. 

In  Belgium,  France,  and  Italy,  on  the  other  hand,  the  work- 
ings for  mineral  are  classified  according  to  the  mineralogical 
nature  of  the  substance  wrought.  The  French  law  of  1 8 1  o  makes 
three  classes  of  workings :  mineftj  minieres,  and  carrih-es.  Deposits 
of  gold,  silvep,  lead,  copper,  sulphur,  coal,  and  beds  or  veins  of 
iron  ore  form  viines.  Under  the  head  of  minih^es,  for  which  we 
have  no  equivalent  word  in  English,  are  included  bog  iron  ore, 
pyritous  earths  fit  for  working,  sulphate  of  iron,  aluminous  earths 
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and  peat,  whilst  the  carrieres^  or  quarries,  comprise  workings  for 
stone,  clay,  sand,  &c.,  whether  above  or  below  ground.  The 
statute  of  1866  has  assimilated  the  minieres  to  the  quarries,  and 
the  law  now  becomes  very  like  that  of  Italy  (1859),  which  distin- 
guishes simply  mines  {ininlere)  and  quarries  (cave).  Deposits  con- 
taining metallic  ores  (excepting  metal-bearing  sand  or  earth), 
sulphur,  bitumen,  coal,  or  lignite  are  worked  as  "  mines,"  whilst 
pits  from  which  sand  and  gravel  are  obtained  become  legally 
"  quarries."  The  consequence  is  that  what  is  merely  an  under- 
ground stone  quarry  in  France  would  be  a  mine  in  England ; 
whilst  open  workings  for  iron  ore,  such  as  those  of  Northampton- 
shire, would  be  true  mines  under  the  French  or  Italian  laws. 

In  a  general  text-book  upon  mining,  it  is  therefore  necessary 
to  go  beyond  the  British  definition  of  a  mine  and  to  include  the 
methods  of  working  minerals  in  excavations  open  to  the  daylight, 
as  well  as  in  those  which  are  purely  subterranean. 

The  mining  of  coal  is  a  subject  of  so  much  importance, 
especially  in  this  country,  that  it  requires  a  special  treatise ; 
this  has  been  prepared  by  Mr.  H.  W.  Hughes,*  and  the  author's 
task  consists  in  describing  the  methods  of  winning  and  work- 
ing all  other  useful  minerals,  whether  solid,  liquid,  or  gaseous. 
Furthermore,  as  it  is  customary  for  the  miner  to  cleanse  or  pre- 
pare his  ore  or  stone  for  sale,  the  processes  will  be  explained 
which  are  usually  carried  on  at  the  mine,  and  can  be  fairly 
included  under  the  convenient  term  "dressing."  Finally,  a 
few  remarks  will  be  made  concerning  legislation  affecting  mines 
in  the  United  Kingdom,  the  condition  of  workmen,  and  the 
accidents  to  which  they  are  exposed. 

The  subject  has  been  divided  into  the  following  chapters : — 

( 1 )  Occurrence,  or  manner  in  which  the  useful  minerals  are 
found  in  the  earth's  crust. 

(2)  Discovery,  or  search  for  minerals. 

(3)  Boringr. 

(4)  Excavation. 

(5)  Supporting  excavations. 

(6)  Exploitation,  or  working  away  of  minerals. 

(7)  Haulage,  or  transport  along  roads. 

(8)  Windingr,  or  hoisting  in  shafts. 

(9)  Drainage,  or  removal  of  water. 

(10)  Ventilation. 

(11)  Lighting. 

12)  Access,  or  descent  and  ascent. 

13)  Dressing. 

(14)  Legislation. 

(15)  Condition  of  the  workmen. 

(16)  Accidents. 

(17)  Principles  of  employment. 

*  A  Text- Book  of  Coal  Mining ^  London  (5th  Edition),  1904. 
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CHAPTER  I. 

OCCURRENCE  OF  MINERALS. 

CLASSIFIOATION. — Various  conditions  may  be  taken  as 
the  basis  of  classification  of  the  rocks  which  form  the  crust  of 
the  earth.  One  striking  characteristic  is  the  presence  or  absence 
of  beds  or  layers.  A  rock  made  up  of  parallel  beds,  or  layers,  or 
strata,  is  said  to  be  stratified  ;  a  rock  in  which  no  such  structure 
exists  is  called  unstratijied ,  When  we  examine  the  stratified 
rocks  closely,  we  find  that,  as  a  rule,  they  have  been  formed  at 
the  bottom  of  seas,  lakes,  or  rivers,  by  the  gradual  deposition  of 
sediment,  by  precipitation  from  solutions,  and  by  the  growth  or 
accumulation  of  animal  or  vegetable  organisms.  As  instances 
may  be  cited  beds  of  sandstone  or  clay,  formed  by  particles  of 
sand  or  mud  settling  down  in  water ;  beds  of  rock-salt,  resulting 
from  the  gradual  drying-up  of  inland  seas ;  beds  of  limestone, 
formed  out  of  old  coral  reefs ;  beds  of  coal,  due  sometimes  to 
plants  growing  upon  the  spot  and  sometimes  to  plants  washed 
into  lakes  or  estuaries. 

The  unstratified  rocks  are  frequently  crystalline.  In  the 
case  of  recent  volcanoes  we  see  molten  rocks  issuing  forth  from 
the  earth,  spreading  over  it,  and  consolidating  into  a  crystalline 
mass^  and  we  may  fairly  assume  that  many  of  the  crystalline 
rocks  now  met  with  at  the  surface  were  at  one  time  in  a  soft 
fused  condition.  Internal  evidence  leads  to  the  belief  that  the 
process  of  consolidation  often  took  place  at  a  very  great  depth, 
and  on  this  account  geologists  have  subdivided  the  crystalline 
unstratified  rocks  into  volcanic,  which  hardened  like  recent 
lavas  near  the  suface,  and  phdonic,  which  became  solid  under 
the  heavy  pressure  of  thick  masses  of  superincumbent  strata. 

One  class  of  crystalline  rocks  has  given  rise  to  much  contro- 
versy, viz.,  the  rocks  in  which  the  crystals  of  the  constituent 
minerals  are  arranged  in  roughly  parallel  layers.  These  rocks 
have  a  flaky  structure,  and  are  known  as  crystalline  schists. 
Some  crystalline  schists  have  all  the  appearance  of  being  altered 
sedimentary  strata;  in  others  the  foliated  structure  is  con- 
sidered to  be  the  result  of  pressure  upon  pre-existing  crystalline 
rocks.  In  gneiss  the  folia  are  coarse  and  the  schistose  character 
imperfect. 
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We  therefore  may  classify  the  principal  rocks  as  follows : — 

I  Sedimentary  origin. 
I.  Stratified      .  <  Chemical  origin. 

(  Organic  origin. 


TT     i.    i.-i!  J     I  Volcanic. 
2.  Unstratified .  ^  pi  ^o  * 


•{ 


The  crystalline  schists  must  be  placed  in  one  or  other  of  these 
two  great  divisions,  according  as  they  are  looked  upon  as  an 
altered  form  of  stratified  or  of  unstratified  rocks. 

This  classification  is  not  entirely  satisfactory.  For  instance, 
it  separates  two  of  the  products  of  a  volcano.  Volcanic  ash 
falling  into  the  sea  will  settle  down  and  form  a  stratified  rock, 
whilst  the  lava  issuing  from  the  same  vent  is  unstratified. 
Again,  it  does  not  include  sea-water,  an  important  source  of 
salt.  However,  for  the  purpose  of  the  miner  a  simple  classfica- 
tion  is  advisable,  and  it  will  be  found  sufficient  for  his  purpose 
so  long  as  it  is  recollected  that  occasional  anomalies  must  be 
expected. 

Any  one  of  the  five  classes  of  rocks  just  mentioned  may  be 
extracted  from  the  crust  of  the  earth  for  commercial  purposes. 

Among  the  bedded  or  stratified  rocks  coal  is  the  most  im- 
portant, but  in  addition  we  have  beds  which  are  commercially 
valuable  on  account  of  the  metals  they  contain,  such  as  copper, 
gold,  iron,  lead,  manganese,  silver,  and  tin^  or  precious  stones 
such  as  diamonds,  garnets,  rubies,  and  sapphires ;  other  valuable 
beds  are  native  sulphur,  rock-salt,  and  innumerable  kinds  of 
stone  for  building,  decoration,  paving  and  road-making,  clays 
for  making  pottery  and  cement,  oil-shale,  and  alum-shale. 

From  the  unstratified  rocks  we  obtain  supplies  of  stone  for  a 
great  variety  of  purposes. 

In  addition  to  mineral  deposits,  which  consist  mainly  of 
original  constituent  members  of  stratified  or  unstratified  rocks, 
we  have  a  third  important  class  in  which  the  repository  of  the 
valuable  mineral  has  come  into  existence  subsequently  to  the 
consolidation  of  the  rocks  which  surround  it.  If  the  repository 
is,  roughly  speaking,  tabular  or  sheet-like,  it  is  called  a  mineral 
vein  or  lode,  and  if  in  other  form  it  is  a  jnass. 

Hence  the  series  of  mineral  repositories  might  be  classed 
according  to  their  origin  as  follows : — 


■o  •  •  •  f  Stratified. 

Primary  origin     .  |  Unstratified. 

a         1  .  .        f  Veins. 

Secondary  origin  .  |  ^j^^^ 
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But  even  here  we  encounter  difficulties,  for  unstratified  rocks 
sometimes  occur  in  the  foi-m  of  veins ;  besides  which  primary 
origin  is  not  a  term  which  is  strictly  applicable  to  beds  formed 
from  sediment  which  consists  of  fragments  of  other  rocks. 

It  is  not  unnatural,  therefore,  that  outward  form  should  have 
been  chosen  as  a  convenient  basis  of  classification,  and  accord- 
ingly mineral  repositories  have  been  separated  into : 

Tabular  or  sheet-like  -  \    '  ^r  -  ' 

I  2.  Veins 

Non-tabular     ....  Masses. 

TAB0LAR  DEPOSITS. — These  are  repositories  which  have 
a  more  or  less  flattened  or  sheet-like  form.  They  may  be  divided 
according  to  their  origin  into  (i )  beds  or  strata ;  (2)  mineral  veins. 

(i)  Beds. — The  characteristic  feature  of  a  bed  or  seam  is  that 
it  is  a  member  of  a  series  of  stratified  rocks ;  the  layer  above  it  is 
called  the  7*00/,  the  one  below  it  is  the  floor.  Its  thickness  is  the 
distance  from  the  roof  to  the  floor  measured  at  right  angles  to 
the  planes  of  stratification  ;  its  dip  is  the  inclination  downward 
measured  from  the  horizontal;  its  strike  is  the  direction  of  a 
horizontal  line  drawn  on  a  plane  of  stratification. 

The  thickness  of  workable  beds  varies  within  very  wide  limits. 
The  productive  part  of  the  copper-shale  at  Mansfeld  is  only 
3  inches  to  7  inches  thick ;  and  one  of  the  beds  of  gold-bearing 
conglomerate  at  Johannesburg  is  generally  not  more  than  6  inches 
to  2  feet  across ;  we  find,  on  the  other  hand,  the  lead-bearing 
sandstone  at  Mechernich,  in  Rhenish  Prussia,  is  100  feet  (3c  m.), 
and  a  bed  of  brown  coal  at  Briihl  in  the  same  neighbourhood  no 
less  than  131  feet  (40  m.)  thick.  The  principal  bed  of  slate  at 
the  Oakeley  Quarry,  Festiniog,  is  120  feet  thick  (36*5  m.). 

It  must  not  be  supposed  that  the  thickness  of  a  bed  necessarily 
remains  uniform.     Occasionally  this  is 
the  case  over  a  very  large  area;  but  ^^^  '• 

frequently  the  thickness  varies,  and      gfE,^— ■  -= =r:^=g=s..., 

the  bed  may  dwindle  away  gi-adually, 


u«tTMa 


or  increase  in  size,  or  become  divided      t€^^=^^^=^z!^^p^-9n*^'-' 
into  two,  owing  to  the  intercalation  of      S^^^^^^wJ^j^w.^^    '■-  0- 
a  parting  of  valueless  rock ;   but,  in 

spite  of  such  variations,  a  bed  is  much 

more  uniform  in  thickness  and  com-      ^^""^^    ^  ^    ^^^sh*« 
position  than  a  vein.     Fig.   i   shows 

beds  of  shale,  limestone,  iron  ore  and  sandstone,  any  one   oi 
which  may  be  the  object  of  a  mining  undertaking. 

(2)  Veins  or  Lodes. — Veins  or  lodes  are  more  or  less  tabular 
or  sheet-like  mineral  deposits,  formed  more  or  less  entirely  since 
the  enclosing  rocks  (country),  and  either  occupying  cavities  formed 
originally  by  fissures,  or  consisting  of  rock  altered  in  the  vicinity 
of  fissures.     A  simple  and  typical  example  of  a  vein  is  shown  in 


6  ORE  AND  STONE  MINING. 

Fig.  2,  representing  a  lead  lode  in  elate  at  Wheal  Mary  Ann  in 
Cornwall.*  It  is  evident  that  a  fissure  in  the  slate  has  been 
filled  up  by  the  successive  deposition  of  bands  of  mineral  on  both 
sides.  The  unfilled  cavities  are  called  lochs  (Wales  and  Isle  of 
Man),  or  tmgs  t  (Cornwall).  The  definition  given  above  differs 
somewhat  from  that  of  some  standard  authors,  whose  opinions 
are  quoted  below. 

Werner  (1791)  says:    "Veins   are   special    tabular   mineral 
repositories  which  nearly  always  cut 
Fi(i.  z.  across  the  stratification  of  rocks  and 

so  far  have  a  different  lie  to  tbem, 
and  are  filled  with  a  mineral  mass 
differing   more   or    less    from    the 
surrounding  rocks ; "    and  further, 
"  Mineral  veins  may  be  more  exactly 
defined  by  saying  they  are  fissures 
in  the  i-ocks  which  have  been  sub- 
sequently   filled    up   with    various 
minerals  differing  more  or  less  from 
the    surrounding    rock."      Game's 
definition  (1822)  is  this  1  "By  a  true  vein,  I  understand  the 
mineral  contents  of  a  vertical  or  inclined  fissure,  nearly  straight, 
and  of  indefinite  length  and  depth."      Von  Cotta'a   (1859)  is 
shorter:    "Mineral  veins  are  the  contents  of  fissures,"  whilst 
Grimm  (1869)  says;  "Veins  are  fissures  in  rocks  which  have 
been  wholly  or  partly  filled  with  minerals."     Von  Groddeck's 
explanation  (1879)  runs  thus:  "Veins  are  fissures  which  have 
been  filled  up."     In  Geikie's  text-book  we  find:    "A  mineral 
vein  consists  of  one  or  more  minerals  deposited  within  a  fissure 
of  the  earth's  crust."     Professor  von  Sandberger's  idea  of  a  vein 
is  the  same :    "  True  veins,  that  is  to  say,  fissures  filled  with 
ores."     In  France  and  Italy  similar  definitions  prevail. 

As  long  ago  as  the  year  1864,  Mr.  Richard  Fearce  brought 
forward  the  theory  that  many  of  the  tin  loiles  of  Cornwall  have 
been  formed  by  the  alteration  of  granite,  and  the  author's 
investigations  support  this  view.  The  lodes  appear  to  be  bands 
of  stanniferous  rock  formed  by  the  alteration  of  granite  in  the 
vicinity  of  fissures.  The  tabular  mass  of  tin-bearing  rock  10 
or  15  feet  thick,  called  the  lode,  is  traversed  by  sundry  fissures 
and  passes  without  any  distinct  w;ills  or  boundaries  into  non- 
stanniferous  granite ;  sometimes  the  main  fissure  is  a  few  inches 
wide,  filled  with  crystallised  (guartz  and  other  minerals.  This 
filled-np  cmck  answers  to  the  common  definition  of  a  vein,  but 
the  rest  of  tlie  stanniferous  mass  does  not.  It  has  no  definite 
bounding  planes,  it  contains  no  fi'agments  of  the  surrounding 

*  C.  Le  Neve  Foster,  "Remarka  on  the  Lodeat  Wiieal  Mary  Ann,  Men- 
heniot,"  Tram.  R  0ml.  Soc.  t'omim//.  vol.  ii.  p.  153. 

t  Probably  taken  from  the  ('omisb  word  "  fogOD,"  a  cave. 
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rocks,  and  presents  no  appearance  of  having  been  formed  by 
the  deposition  of  minerals  upon  the  sides  of  an  open  rent 
(^ig-,3)-  -A.S  much  of  the  stanniferous  rock  as  will  pay  for 
working  is  known  as  the  lode.  Undoubtedly  the  geologist  must 
give  way  and  suit  his  definition  to  the  wants  of  the  miner.  It  is 
too  much  to  expect  the  miner  to  givQ  up  a  term  consecrated 
by  universal  usage,  simply  because  geologists  have  made  the 
mistake  of  supposing  that  all  lodes  have  been  formed  on  the 
same  plan. 

If  Cornwall  furnished  the  only  exceptions  to  the  time-honoured 
definition   of  a  mineral   vein, 
one  would  perhaps  hesitate  in  Fig.  3. 

proposing  any  alteration;  but  ^r.;^"^T"  si  "^^T""*;  ,^  %%«  - 
when  similar  or  somewhat  y^f^-W^i'  '/■■  V"  ''''-;'»'.*''*  *** 
simDar  cases  are  met  with  in  v-^^ ^'^^^^^^''^ ■^■''- ""^  -''^  *  "  * 
other  parts  of  the  globe,  the    Ci'>"y^yl^^^  ..-^    ,s^  .  ^ 

necessity  for  some  chancre  be-  Vy\''<t^''^''  '^  '^'^^^!^^^?^-^'^^t*'' 
comes  apparent.  c.«.t..  v*>  ro 

Mr.  J.  D.  Kendall  says  that  s  i  S   ■ 

the  hffimatite  veins  of  the  Lake  I 

District  (England)  are  not  filled 

fissures,  but  are  substitutional  deposits,  the  result  of  a  gradual 
replacement  of  the  original  rock  by  other  minerals. 

Mr.  S.  F.  Emmons  takes  a  similar  view  :  *'  I  consider  it 
reasonably  certain  that  a  very  large  proportion  of  the  so-called 
fissure-veins  in  the  Rocky  Mountain  region,  notably  those  in 
Colorado  and  Montana,  are  simply  the  alteration,  silicification, 
and  mineralisation  of  the  country  rock  along  certain  planes 
which  for  some  reason  or  other  offered  exceptionally  easy  access 
to  percolating  mineral  solutions,  and  are  not  the  filling  up  of 
pre-existing  cavities  in  the  rock,  as  is  generally  supposed  to  be 
the  characteristic  of  a  true  fissure  vein." 

Some  of  the  lodes  of  Otago,  New  Zealand,  may  be  described 
as  belts  or  zones  of  auriferous  mica-schist  without  any  definite 
boundaries;  Fig.  4,  from  a  drawing  by  Mr.  T.  A.  Rickard, 
shows  one  of  them,  which  is  worked  at  Canton  mine.  AA  is 
a  vein  of  quartz,  6B  a  channel  or  zone  of  disturbed  and 
distorted  schist,  CC  a  false  wall  or  plane,  along  which  there 
has  been  a  shifting  of  the  strata.  The  vein  AA,  which  has 
been  formed  along  one  of  the  lines  of  fracture  and  dislocation, 
is  called  the  '*  indicator,"  as  it  acts  the  part  of  a  guide  to  the 
miner  in  his  endeavours  to  follow  the  auriferous  channel ;  but 
the  precious  metal  is  not  confined  to  the  space  between  A 
and  C. 

Mr.  R.  A.  Penrose  asserts  that  the  ore  of  the  Cripple  Creek 
gold-field  generally  appears  to  be  simply  the  "country"  con- 
taining variable  amounts  of  secondary  minerals  which  decrease 
in  quantity  with  the  distance  from  the  main  fissure  in  the 
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neighbourhood  of  which  they  were  deposited.  Very  similar 
instances  could  be  cited  from  widely  separated  regions,  as  in 
Western  Australia  and  the  Kotchkar  gold-field  in  the  Ural. 

The  question  as  to  what  constitutes  a  vein  or  lode  has  been 
more  thoroughly  threshed  out  in  the  United  States  than  else- 
where, because  in  some  parts  of  that  country  the  miner's  title 

to    his    property   de- 
^^^'  ^  pends  upon  the  defini- 

tion of  the  word.  The 
consequence  is  that 
the  term  "lode"  has 
been  defined  by  judi- 
cial decisions. 

In  the  year  1877, 
Mr.  Justice  Field,  in 
the  celebrated  Rich- 
mond V.  Eureka  case, 
gave  the  following  in- 
terpretation : — 

*'We  are  of  opinion, 
thereforci  that  the  term 
lode,  as  used  in  the  Acts 
of  Congress,  is  applicable 
to  any  zone  or  belt  of 
mineralised  rock  Ijing 
within  boundaries  clear!  j 
separating  it  from  the 
neighbouring  rock." 

^\^..^.:^^-^':^\-^  \  Vi  ^hJi  I '  ((       This  definition,  which 

has  been  framed  for 
the  practical  work- 
ing of  an  Act  of  Con- 
gress, is  not  a  satis- 
factory one  for  the 
scientific  miner,  be- 
cause it  would  include 
a  bed  or  seam,  whilst 
it  would  exclude  some 

of  the  Cornish  tin  lodes,  Cripple  Creek  gold  veins,  &c.,  which 

have  no  distinct  boundaries. 

Some  subsequent  decisions  cover  more  ground,  for  they  ignore 

the  question  of  shape.     Judge  Hallett  (1887)  gave  the  following 

charge  in  the  case  of  Hyman  v.  Tlie  Asjyen  Mining  ami  Smdting 

CoTHftanj/ : — 

**  It  may  be  said  that  with  ore  in  mass  and  in  position  in  the  body  of  a 
naonntain,  no  other  fact  is  required  to  prove  the  existence  of  a  lode  of  the 
dimensions  of  the  ore.  As  far  as  it  prevails,  the  ore  is  a  lode  whatever 
its  form  or  structure  may  be,  and  it  is  not  at  all  necessary  to  decide  any 
question  of  fissures,  contacts,  selvage,  slickensides,  or  other  marks  of  dis- 
ti notion,  in  order  to  establish  its  character.    As  we  said  in  the  Smuggler 
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case  in  this  court:  *A  body  of  mineral  or  miDeral-bearing  rock  in  the 
general  mass  of  the  mountain,  bo  far  as  it  may  continue  unbroken  and 
without  inlerruptioD,  may  be  regarded  as  a  lode,  whatever  the  boundaries 
may  be.  In  the  existence  of  such  body,  and  to  the  extent  of  it,  boundaries 
are  implied.' " 

While  quoting  these  decisions  on  account  of  their  importance 
to  prospectors  and  to  holders  of  mining  property  in  the  United 
States,  it  appears  wise  to  adhere,  for  the  purposes  of  the  student, 
to  the  definition  proposed,  and  to  consider  tabular 
shape  and  origin  subsequent  to  that  of  the  enclos- 
ing rocks  as  the  chief  characteristic  of  mineral  veins 
or  lodes.  No  doubt  a  very  large  number  of  mineral 
veins  are  simply  the  contents  of  fissures ;  others  are 
bands  of  rock  impregnated  with  ore  adjacent  to 
fissures ;  others,  again,  have  been  formed  by  the 
more  or  less  complete  replacement  of  the  consti- 
tuents of  the  original  rock  by  new  minerals. 

Yeins  may  occur  in  stratified  or  unstratified  rocks, 
and  in  the  former  they  usually  cut  across  the  planes 
of  bedding. 

Like  a  bed,  a  vein  has  its  dip  and  strike ;  but  as  the  dip 
of  veins  is  generally  great,  it  is  often  measured  from  the 
vertical,  and  is  then  spoken  of  as  the  underlie,  underlay,  or 
hfide.  Instead  of  being  expressed  in  degrees,  the  underlie  is  some- 
times measured  by  the  amount  a  lode  plunges  under  cover,  or 
away  from  the  vertical,  in  a  distance  of  i  fathom  (6  feet) 
measured  along  the  dip.      Thus  if  AB  (Fig.  5)  represents  a 
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Fig.  7. 
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lode,  and  AC  =  6  feet,  AD  being  vertical,  draw  the  line  CE  at 
right  angles  to  AD;  then  the  inclination  is  measured  by  the  rela- 
tion of  EC  to  AC. 

If  EC  =  2  feet  the  underlie  is  said  to  be  2  feet  in  a  fathom. 
This  approaches  very  closely  to  a  dip  of  70°,  or  underlie  of  20°, 
whilst  I  foot  in  a  fathom,  for  most  practical  purposes,  corresponds 
to  a  dip  of  80°,  or  underlie  of  10".  This  method  of  expressing 
the  dip  enables  it  to  be  determined  with  a  rule  or  tape.  If 
AB  (Fig.  6)  is  a  lode  at  the  end  of  a  mining  tunnel  (level),  the 
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miner  has  simply  to  measure  the  distance  EC  =  6  feet,  drop  a 
stone  from  C  and  ascertain  the  distance  from  D,  where  it  falls, 
to  E.  However,  there  is  the  disadvantage  that  some  miners 
take  the  standard  fathom  vertically  and  not  along  the  dip ; 
therefore,  to  avoid  any  chance  of  confusion  it  is  wiser  to  express 
the  inclination  of  veins  in  degrees,  and  not  by  '^feet  in  a 
fathom. 

The  bounding  planes  of  a  vein,  W  (Fig.  7),  are  called  the 
walle  or  cheeks^  and  they  are  frequently  smooth  and  striated^ 
showing  that  one  side  must  have  slid  against  the  other.  These 
striated  surfaces  are  called  slickenstdes.  At  the  Halkyn  Mine, 
Flintshire,  the  whole  side  of  one  of  the  levels,  for  a  distance  of 
ten  yards,  is  a  smooth  flat  polished  surface,  with  small  striae, 
precisely  like  the  scratchings  produced  upon  rocks  by  the  action 
of  glaciers.  In  this  particular  case  the  sto'iations  are  horizontal ; 
more  frequently  they  are  inclined.  The  wall  above  a  lode  is 
called  the  hanging  wall,  AB,  the  one  underneath,  the/00^  waH^ 
CD  (Fig.  7).  Sometimes  only  one  wall  is  well  defined  ;  in  other 
cases  neither  wall  is  distinguishable.  The  miner  sometimes 
follows  too  implicitly  a  flat  '*  face  "  (Jahe  wall,  CC,  Fig.  4)  as  a 
guide,  taking  it  to  be  the  true  boundary  of  the  lode.  The  rock 
surrounding  or  enclosing  the  lode  is  called  the  country,  EE.  I 
give  this  term,  not  because  I  wish  to  perpetuate  a  mere  Cornish 
provincialism,  but  because  it  has  crept  into  use  elsewhere.  To 
use  the  words  country  rock,  as  is  done  very  frequently,  is  to  be 
guilty  of  tautology.  It  is  not  uncommon  to  find  a  layer  of  clay, 
FG,  between  the  lode  and  the  enclosing  rocks ;  such  a  layer  is 
called  a  selvage,  dig  (Cornwall),  pug  (Australia),  gouge  (U.S.),  or 
alta  (California).  A  large  mass  of  the  adjacent  rock  found 
enclosed  in  the  lode  is  called  a  hoi^se,  HH. 

The  valueless  components  of  a  lode  which  surround  the  ore  are 
often  spok^  of  as  forming  the  gangue.  The  word  is  mentioned 
in  order  to  enter  a  protest  against  its  use,  because,  in  its  passage 
to  us  from  the  German  through  the  French,  it  has  lost  part  of 
its  original  meaning.  We  already  have  the  words  veinstone,  lode- 
stuff,  and  matrix,  which  are  more  strictly  correct  and  more  easily 
understood  than  gangue,  which,  by  Englishmen,  should  be  con- 
signed to  oblivion. 

Veins  often  continue  for  a  great  distance  along  their  strike. 
The  Van  lode  in  Montgomeryshire  is  known  for  a  length  of  nine 
miles,  whilst  the  Great  Quartz  Vein  in  Califoinia  has  been  traced 
for  a  distance  of  upwards  of  one  hundred  and  ten  miles. 

Veins  are  of  less  uniform  productiveness  than  beds,  and  are 
rarely  worth  working  throughout.  Rich  portions  alternate  with 
poor  or  worthless  portions.  The  rich  parts  have  received  various 
names  according  to  the  forms  they  assume :  Fig.  8  represents  a 
longitudinal  section  along  the  strike  of  a  lode,  and  the  stippled 
parts  are  ore-bodies.     BBB  are  bunches ;  A  is  a  large  bunch  or 
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course  oj  ore;  when  an  ore-body  forms  a   sort  of  continuous 

column  we  have  what  is  called  a  shoot.     Ore-bodies  which  upon 

being  excavated  leave  chimney-like  openings  are  called  pipes  (C). 

In    the     United    States    the 

Spanish  word  bonanza^  literally 

meaning    "fair    weather"    or 

"  prosperity,"     is      frequently 

used  for  a  rich  body  of    ore. 

The  inclination  of  a  shoot  in  the 

direction  of  the  strike  is  called 

its  pitch  and  sometimes  its  dip, 

though  it  is  better  to  restrict 

the  latter  word  to  the  meaning 

it  receives  among  geologists.     It  is  of  the  utmost  importance  to 

the  miner  to  know  where  he  may  expect  to  find  a  rich  ore-body 

in  a  mineral  vein.    Expenence  shows  that  many  conditions  affect 

its  productiveness,*  viz. : — 

1 .  Intersections  with  other  veins. 

2.  Nature  of  the  adjacent  rock. 

3.  Change  of  dip. 

4.  Change  of  strike. 

( 1 )  Intersections  of  Veins. — AB  (Fig.  9)  is  a  vein  intersecting 
another,  CD,  at  an  acute  angle  <AEC ;  it  is  frequently  the  case 
that  there  is  an  enrichment  about  the  junction  E.  If  the  lines 
A'B',  CD'  represent  the  lodes  at  a 
lower  level,  then  EE'  indicates  the 
line  of  intersection,  which  may  be  the 
axis  of  a  shoot  of  ore  upon  one  of  them ; 
but  when  the  angle  AEC  approaches  a 
right  angle  a  favourable  result  is  not  ^, 
expected.  ,^  ^  * 

If  AB  (Fig.  10)  represents  a  section 
of  a  lode  along  the  dip,  and  CD,  EF, 
and  GH  are  small  veins  (feedersj  drop-  p,.^^ 

pers)  falling  into  it,  an  increase  in  the 
productiveness  of  the  lode  often  occurs  near  the  intersection. 

(2)  Nature  of  the  adjacent  Rock, — Few  facts  are  more  generally 
recognised  than  the  influence  of  the  enclosing  rock  upon  the 
productiveness  of  a  lode.  Some  well-known  examples  may  be 
cited.  In  the  Alston  Moor  district  the  veins  cross  alternating 
beds  of  limestone,  sandstone,  and  shale ;  they  are  generally  more 
productive  in  the  limestone  than  in  the  sandstone  or  the  shale. 

At  Kongsberg,  in  Norway,  the  silver  veins  are  productive  in 
the  faMbands,  that  is  to  say,  quartz  schist,  mica  schist,  hornblende 
schist,  and  chlorite  schist  impregnated  with  iron  pyrites  and  other 
metallic  sulphides,  but  are  poor  where  they  cross  the  gneiss.     The 

*  See  also  L.  Moissenet,  Observations  oti  the  Hick  Parts  of  the  Lodes  of 
Cornwall,    From  the  French  by  J.  H.  Collins.     London  and  Truro,  1877. 
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lines  AB  and  CD  in  Fig.  1 1  represent  two  such  veins  in  plan;  the 
portions  ab  and  cd  are  worth  working,  but  the  other  parts  are  not. 

In  the  Gympie  gold-field,  Queensland,  the  veins  are  richest 
in  certain  bands  of  pyritiferous  black  shale.  Four  principal 
beds  of  black  shale  have  been  recognised,  and  their  influence 
is  so  well  known  that  "  the  fact  has  determined  the  system  of 
mining  on  the  field." 

Turning  to  another  part  of  Australia,  we  may  notice  the 
"  indicators  "  at  Ballarat.  These  are  dark-coloured  narrow  beds 
of  carbonaceous  shale,  some  only  ^  inch  thick,  parallel  to  the 


Fig.  id. 


Fig.  II. 
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planes  of  stratification  of  the  surrounding  rocks,  and  full  of  small 
cubical  crystals  of  iron  pyrites.  Their  dip  is  nearly  vertical,  and 
they  can  be  ti-aced  for  miles.  When  a  quartz  vein  crosses  an 
"  indicator  "  there  is  usually  rich  gold  along  the  line  of  intersec- 
tion. Mr.  Charles  King  says :  **  About  ten  of  these  'indicators' 
are  known  within  a  width  east  and  west  of  1400  feet,  and  in 
the  case  of  six  out  of  these,  the  quartz  crossing  them  contains, 
at  the  line  of  intersection,  exceedingly  rich  patches  of  gold, 
frequently  in  nuggets  many  ounces  in  weight."  Why  only  six 
out  of  the  ten  indicators  should  have  the  enriching  effect  is  not 
stated. 

A  fourth  instance  of  the  enriching  effect  of  a  pyritiferous 
rock  is  afforded  in  the  Thames  gold-field  of  New  Zealand,  'where 
the  veins  have  been  proved  to  be  most  remunerative  in  soft 
decomposed  andesites  or  propyl ites  charged  with  pyrites.  When 
a  vein  passes  from  a  propylite  into  a  hard  "  bar  "  of  unaltered 
andesite,  or  the  associated  tuffs,  or  the  slaty  shales  underlying 
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the  volcanic  series,  it  becomes  thinner  and  poorer,  or  even 
entirely  barren. 

Even  in  the  case  of  earthy  minerals  the  same  phenomenon 
occurs.  At  Wotherton  mine,  in  Shropshire,  the  barytes  vein  is 
wide  and  worth  working  when  the  adjacent  rock  is  volcanic  ash, 
but  narrow  and  valueless  in  shale. 

Lead  veins  in  Derbyshire,  which  are  productive  in  limestone, 
rarely  yield  ore  in  the  toadstone,  an  interbedded  lava. 

(3)  Change  of  Dip. — In  a  given  vein  the  parts  approaching 
verticality  are  often  noticed  to  be*  richer  than  those  which  are 
comparatively  flat. 

(4)  Change  of  Strike, — The  veins  of  a  mining  district  are  com- 
monly found  to  have  the  same  prevailing  strike.  Thus  the  tin 
and  copper  lodes  of  the 

Camborne  and  Redruth  Fig.  12. 

districts,  Cornwall,  usu- 4^^^  d  ^ 

ally  run  from  SSW.  to  «-'«"^^^^^^^^=^»****^*----**'^*"^**-*^ 

NNE.,  and  are  spoken 

of  as  east  and  west  lodes.  Slight  changes  in  the  direction  of  the 
strike  are  sometimes  followed  by  variations  in  the  productive- 
ness ;  in  the  case  of  a  lode  with  an  average  strike  represented  by 
the  dotted  line  a  /;,  it  may  happen  that  the  parallel  parts  ab,  cd^ 
efj  are  poor,  and  the  pandlel  parts  b  c  and  d  e  rich  (Fig.  12). 

Too  much  stress  must  not  be  laid  upon  this  question  of  strike, 
because  there  are  so  many  exceptions  to  the  rule  that  a  certain 
strike  is  favourable.  For  instance,  the  two  principal  mines  in 
the  Isle  of  Man,  Laxey  and  Foxdale,  are  wrought,  one  upon  a 
north  and  south  vein,  the  other  upon  an  east  and  west  vein, 
only  a  few  miles  apart ;  and  at  St.  Just,  in  the  extreme  west  of 
Cornwall,  the  mean  direction  of  the  lodes  is  35**  N.  of  W.,  and 
therefore  quite  different  from  what  it  is  in  the  chief  metalli- 
ferous region  of  Camborne  and  Redruth ;  but  with  individual 
lodes  changes  of  strike  should  not  pass  unnoticed. 

Formation  of  Mineral  Veins. — Though  this  book  is  intended 
to  deal  mainly  with  the  working  of  mines,  a  few  remarks  con- 
cerning the  origin  of  veins  are  necessary — first,  because  the 
posteriority  of  their  formation  is  one  of  their  chief  character- 
istics; and,  secondly,  because  a  knowledge  of  the  manner  in 
which  useful  minerals  came  to  be  concentrated  along  certain 
lines  may  enable  us  some  day  to  predict  the  precise  spots  where 
subterranean  riches  are  accumulated. 

The  principal  theories  are : 

1.  Fracture  and  motion  with  mechanical  filling. 

2.  Fracture  and  injection  of  molten  matter. 

I  (a)  from  above. 

3.  Fracture  and  deposition  from  solutions  \  (b)  from  below. 

(  (c)  from  the  sides. 

4.  Fracture  and  sublimation,  or  deposition  from  gases. 
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(i)  Mechanical  Filling. — If  a  rock  is  fractured,  and  one  side 
of  the  crack  slides  against  the  other,  a  vein  of  crushed  material 
is  formed.  If  the  rock  is  shale  or  slate,  the  vein  is  a  band 
of  clay  more  or  less  mixed  with  uncrushed  fragments,  and  in 
Cornwall  is  known  as  Skflookwi. 

(2)  Injection, — Veins  formed  by  the  injection  of  a  molten  or 
plastic  rock  into  fissures  are  usually  known  as  dykes, 

(3)  Deposition  from  Solution, — The  lode  at  Wheal  Mary  Ann, 
Cornwall  (Fig.  2),  is  an  instance  of  a  vein  formed  apparently  by 
deposition  from  solution.  Many  of  the  common  constituents  of 
mineral  veins,  such  as  silica,  carbonate  of  calcium,  sulphate  of 
barium,  are  known  to  be  slightly  soluble  in  water,  whilst  the 
metallic  sulphides  can  be  formed  by  the  reduction  of  a  soluble 
sulphate,  or  by  the  reaction  of  a  soluble  sulphide  or  sulphuretted 
hydrogen  upon  metallic  compounds.  Some  metallic  sulphides 
are  soluble  in  alkaline  solutions. 

Much  discussion  has  arisen  concerning  the  place  whence  the 
mineral-bearing  solutions  came.  The  theory  that  they  came 
from  above  finds  few  upholders  nowadays,  and  the  battle  rages 
principally  between  the  advocates  of  the  ascensional  theory,  or 
supposition  that  the  minerals  came  up  in  solution  from  very 
great  depths,  and  the  upholders  of  the  lateral  secretion  theory, 
in  which  it  is  assumed  that  they  were  leached  out  of  the  adjacent 
rocks  and  re-deposited  in  the  vein  cavity.  This  latter  theory  has 
been  powerfully  espoused  by  Professor  Fridolin  von  Sandberger, 
who  has  pursued  his  investigations  with  great  ardour.  He 
shows  that  small  quantities  of  antimony,  arsenic,  bismuth,  cobalt^ 
copper,  lead,  silver,  and  tin  are  contained  in  silicates  such  as 
augite,  hornblende,  mica,  and  olivine,  which  are  essential  con- 
stituents of  plutonic  and  volcanic  rocks ;  and  he  concludes  that 
these  rocks  are  the  sources  from  which  the  lodes  have  derived 
their  riches.  Professor  von  Sandberger's  views  were  adopted 
to  a  certain  extent  by  many  eminent  American  geologists ;  but 
they  have  not  passed  unchallenged,  for  Prof.  Alfred  Stelzner 
combats  his  methods  of  analysis.  It  is  naturally  impossible  to 
affirm  with  certainty  that  a  given  mineral,  such  as  mica,  contains 
lead,  for  instance,  as  an  original  constituent,  so  long  as  there  is 
a  possibility  that  particles  of  galena  were  mixed  with  it.  The 
absolute  freedom  of  the  rocks  submitted  to  analysis,  from  any 
mechanical  admixture  with  pyrites  or  other  sulphides,  is  a 
necessary  foundation-stone  of  von  Sandberger's  theory.  It  is 
against  this  point  that  Professor  Stelzner  directs  his  attack^  and 
he  shows,  by  the  results  of  numerous  carefully  conducted  experi- 
ments, that  the  metals  found  on  analysis  by  Professor  von  Sand- 
berger did  not  necessarily  come  from  the  silicates,  but  may  have 
been  derived  from  mechanically  mixed  sulphides  which  had 
resisted  his  attempts  to  remove  them.  Stelzner  points  out  that 
the  occurrence  in  the  country  of  sulphides,  similar  to  those  exist- 
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ing  in  the  lodes,  may  be  explained  quite  as  well  by  their  having 
travelled   from  the  fissure  into  the  adjacent  rock,  as  in  the 
reverse  direction.     With  reference  to  the  silver  found  in  the 
rocks,  Stelzner  remarks  that  the  mica  of  granite  at  Sulzbachle 
in  the  Black  Forest,  stated  by  von  Bandberger  and  others  to 
contain   cooi    to  o'oo6   per  cent,  of  silver,  was  found  to  be 
absolutely  free  from  any  traces  of  the  metal  when  assayed  with 
special  precautions.     In  Dr.  J.  R.  Don's  laborious  investigations 
on  the  deep  country  of  many  auriferous  lodes  in  New  Zealand, 
Victoria,  and  Queensland,  gold  was  detected  "only  when  pyrite 
was  present  in  the  rock ;  and  when  such  pyrite  occurred  at  a 
considerable  distance  from  the  reef  it  was  seldom  gold-bearing." 
Hence  von  Sandberger's  views  must  be  regarded  as  insufficiently 
proven,  however  well   they  account  for   the   influence  of  the 
country  upon  the   contents   of    the    lodes.      Further,   on   the 
physical  grounds  that  water  sinking  through  the  rocks  is  under 
conditions  of  increasing  temperature  and  pressure,  and  thus 
likely  to  dissolve  mineral  matter  while  the  ascending  convection 
currents  lose  heat  and  pressure  and  tend  to  deposit  their  dis- 
solved   contents,    a   deep-seated    source    is   widely   considered 
probable,  but  opinions  vary  as  to  its  nature ;  some  imagine  a 
deep-lying  region  heavy  with  metals  (the  so-called  "  haryspkere  " 
of    F.    PoSepn^),   others   ordinary   rocks   at    great   depths — a 
compromise  between  the  two  main  theories  much  favoured  in 
America — while  a  third  school,  actively  championed  by  Vogt, 
points   to  the   not    uncommon    apparent    connection    of    ores 
with  igneous  rocks,  and  considers  many  mineral  veins  to  owe 
their  existence  to  emanations  during  the  later  phases  of  igneous 
activity. 

Even  if  the  ore  was  not  leached  out  of  the  immediately  adjacent 
rocks,  these  may  have  influenced  its  deposition  either  chemically 
or  mechanically.  It  is  possible  that  a  certain  bed  may  act  as  a 
reducing  agent  upon  a  solution  which  touches  it,  and  so  cause 
precipitation ;  this  may  be  the  reason  why  rich  gold  has  been 
deposited  where  the  pyritiferous  "indicators"  intersect  the 
Ballarat  lodes.  The  mechanical  effect  is  also  very  simple.  A 
fissure  formed  in  a  soft  rock  is  likely  to  be  filled  up  by  pieces  of 
the  sides  dropping  in,  especially  if  there  is  any  sliding  of  the 
hanging  wall  upon  the  foot  wall ;  on  the  other  hand,  if  the  rock 
is  hard,  the  chasm  will  remain  open  and  leave  a  space  for  the 
reception  of  ores.  This  fact  gives  a  reason  for  the  steep  parts 
of  lodes  being  sometimes  richer  than  the  flatter  parts.  If  a 
wavy  cut  is  made  in  a  piece  of  card  or  paper  to  represent  the 
fissure,  and  the  "  hanging  wall''  slid  down  a  little,  we  have  open 
spaces  where  the  fissure  is  steep,  whilst  the  "walls"  touch  where 
the  fissure  is  flatter,  leaving  no  room  for  any  deposition  of  ore 
to  take  place.  A  wavy  crack  of  this  kind  may  be  caused  by 
variations  of  hardness  and  fissility,  such  as  happen  when  shale 
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is  interbedded  with  limestone ;  here  the  ciack  will  be  propa- 
gated more  readily  along  the  planes  of  stratification  of  the  shale 
than  across  them.  After  a  slight  shift  of  the  "hanging  wall" 
downwards,  the  cavities  in  the  limestone  become  receptacles  for 
mineral  deposits,  whilst  the  crack  contains  little  but  crushed 
rock  in  the  shale. 

In  a  like  manner  the  variation  in  productiveness  noticed  upon 
a  slight  alteration  of  strike  may  be  due  to  change  in  the  nature 

Fig  m  ^^  *^®   "country,'' 

''■  which      not      only 

\*"  caused  a  deviation 

from    the     general 
direction     of     the 

fissure,     but     also 

°  affected  its  ore- 
bearing  qualities. 
Here,  too,  we  find 
H  an  explanation  of 
the  phenomenon 
called  "ore  against 
ore."  In  Fig.  13 
let  ABCD,  and 
EFGH  represent  a 
plan  of  two  parallel 
lodes,  BO  and  FC  being  rich  parts ;  the  miner  notices  that  an 
improvement  in  the  productiveness  takes  place  in  both  lodes 
when  the  strike  changes  from  E.  and  W.  to  E.  25"  N.,  and  that 
the  rich  part  BC  is  opposite  the  rich  part  FG.  This  is  not 
surprising  if  the  parts  BC  and  FG  are  in  a  special  belt  or 
zone,  included  between  the  lines  HK,  LM,  capable  of  exerting 
either  a  mechanical  effect  upon  the  size  of  the  vein-cavity  by  its 
hardness,  &c.,  or  a  chemical  effect  by  its  composition. 

The  adjacent  rock  may  likewise  have  affected  the  lode  by  its 
porosity  or  by  its  impermeability,  in  the  former  case  by  afford- 
ing an  easy  channel  for  the  solutions  which  brought  in  the 
minerals,  and  in  the  latter  by  interposing  a  dam  which  pre- 
vented or  delayed  their  escape. 

(4)  Sublirndt ion,— The  sublimation  theory  meets  with  little 
favour  nowadays,  though  certain  minerals  known  as  constituents 
of  lodes  are  formed  in  furnaces,  or  can  be  produced  artificially 
from  gases.  In  1 849  Daubree  produced  crystals  of  oxide  of  tin 
by  passing  a  current  of  stannic  chloride  together  with  steam 
through  a  red-hot  porcelain  tube.  The  fact  that  many  of  the 
minerals  found  in  lodes  would  be  decomposed  at  high  tempera- 
tures tells  against  the  application  of  this  sublimation  theory 
per  86  in  all  cases. 

Formations. — The  lodes  in  some  districts  are  grouped  into 
different  classes  according  to  their  mineralogical  characters,  and 
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careful  observations  have  shown  that  those  which  are  similar  in 
mineral  contents  usually  agree  in  strike  and  in  age.  Distinc- 
tions of  this  kind  have  been  skilfully  worked  out  at  Freiberg, 
in  Saxony,  where  six  of  these  classes  or  '*  formations "  are 
recognised. 

Anomalies. — It  must  be  understood  that  we  cannot  expect 
Nature  to  make  distinct  lines  of  demarcation  between  the 
different  kinds  of  mineral  repositories.  Though  we  may  be 
able  to  see  clearly  that  a  seam  of  coal  is  contemporaneous  with 
the  enclosing  rocks,  and  that  a  vein,  intersecting  successively 
beds  of  limestone,  shale,  and  sandstone,  is  evidently  of  later 
formation,  cases  frequently  occur  in  which  the  origin  of  the 
mineral  is  uncertain. 

For  example  we  have  the  lead-bearing  sandstone  of  Mecher- 
nich,  the  silver-bearing  sandstone  of  Utah,  the  gold-bearing 
conglomerate  of  the  Ihransvaal.  The  grains  of  sand  and  the 
pebbles  of  quartz  are  unquestionably  of  sedimentary  origin ; 
but  opinions  differ  as  to  whether  the  lead,  silver,  and  gold 
were  deposited  originally  with  the  sand  and  gravel,  or  were 
introduced  subsequently  by  metal-bearing  solutions,  which  found 
a  passage  through  the  beds.  It  has  been  shown  by  Mr.  Becker 
that  ample  space  exists  in  an  ordinary  sandstone  for  the  deposi- 
tion of  ores.  Supposing  that  all  the  grains  were  true  spheres  of 
the  same  size,  and  as  closely  packed  together  as  possible,  there 
would  be  26  per  cent,  of  interstitial  space.  If  this  space  is  even 
partly  occupied  by  an  ore,  the  percentage  of  metal  may  very  easily 
be  sufficient  to  render  the  stratum  worth  working.  For  example, 
a  sandstone  with  a  specific  gravity  of  2*25  requires  only  3-7  per 
cent,  of  its  interstitial  space  to  be  filled  by  cinnabar  with  a 
specific  gravity  of  8,  in  order  to  furnish  an  ore  with  10  per  cent, 
of  mercury,  about  the  average  contents  of  the  rock  worked  at 
Almaden.  This  3*7  per  cent,  is  *'  less  than  half  the  interstitial 
space  in  some  indurated  sandstones  employed'  for  paving 
streets.''  In  the  case  of  sandstones  worked  for  mercury,  it 
seems  to  be  quite  certain  that  the  cinnabar  was  brought  in  by 
aqueous  solutions  long  after  the  deposition  of  the  sediment-— 
indeed,  long  after  the  solidification  and  upheaval  of  the  rocks. 

According  to  Dr.  Sorby,  the  iron  of  the  well-known  Cleveland 
bed  was  derived  partly  from  mechanical  deposition  and  partly 
from  subsequent  replacement  of  the  originally  deposited  car- 
bonate of  lime. 

Other  cases  of  more  or  less  complete  replacement  may  be 
cited.  We  find  chalk  changed  into  fiint,  limestone  into  chert ; 
and  if  "subsequent  origin"  were  the  only  characteristic  dis- 
tinguishing a  vein  from  a  bed,  we  should  be  landed  in  a  difficulty. 
It  will  be  found  convenient  to  consider  as  seams  any  stratified 
deposits  in  which  the  impregnated,  altered,  or  pseud omorphous 
mass  occupies  the  position  of  an  original  bed,  and  to  call  the 
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sheets  vein»  when  they  cross  the  bedding-phiiies,  or  occupy  a 
fissure,  or  have  been  formed  by  the  alteration  of  a  rock  at  the 
side  of  a  fisaure. 

MA8SE6. — These  are  deposits  of  mineral,  often  irregular  in 
shape,  which  cannot  be  diHtiDctly  recognised  as  beds  or  veins. 
Such,  for  instance,  are  certain  of  the  red  heematite  deposits  of 
the  Ulverston  district  (Fig.  14),  which  occupy  irregular  cavities 

FlO.  14. 


d  and  cla;  ; 

in  the  Carboniferous  Limestone.  They  may  have  been  formed 
by  the  percolation  of  water  bringing  down  iron  in  solution  from 
overlying  rocks,  which  by  gradual  replacement  changed  part  of 
the  limestone  into  a  mass  of  hematite.  Other  examples  are  the 
calamine  deposits  of  Altenberg  (Fig.  15),  Sardinia,  and  Lom- 

Fio-  15-  Fio.  16. 


Mulberr;  Hine,  near  Bodmiu. 

bardy,  certain  magnetite  deposits  in  Russia,  Sweden,  and  else- 
where, the  "  necks  "  or  "  pipes  "  of  diamond -bearing  rock  in 
South  Africa,  and  the  granite  decomposed  in  situ  worked  for 
china  clay  in  Cornwall. 

"Under  this  head  also  are  included  by  most  authors  the  so- 


OCCURRENCE  OF  MINERALS.  19 

called  "  stockworks,"  "  reticulated  masses "  or  **  network  de- 
posits/' names  applied  to  masses  of  rock  intersected  by  so  many 
little  veins  as  to  make  the  whole  worth  excavating. 

Fig.  16  shows  a  number  of  steeply  dipping  strings  of  cassi- 
terite,  generally  only  two  or  three  inches  apart,  intersecting  beds 
of  slate.  The  mass  of  rock  penetrated  by  this  network  of  little 
tin  veins  is  300  yards  long  by  more  than  30  yards  wide,  and  the 
whole  of  the  stanniferous  stone  is  quan'ied  and  stamped. 

EXAMPLES. — These  abstract  definitions  are  not  sufficient ; 
the  student  should  see  how  they  can  be  applied  to  particular 
cases ;  and  a  series  of  examples  will  be  given  of  the  modes  of 
occurrence  of  the  most  important  minerals.  As  the  same  mineral 
may  be  found  in  a  bed,  a  vein,  or  a  mass,  it  is  simplest,  for  the 
purposes  of  the  miner,  to  classify  these  examples  alphabetically. 
The  information  about  tin,  for  instance,  will  therefore  be  arranged 
under  one  head,  instead  of  separating  the  tin  veins  from  the 
stockworks,  and  these  from  the  alluvia.  The  minerals,  to  which 
reference  will  be  made,  are : — 

Alum,  amber,  antimony  ore,  arsenic,  asbestos,  asphalt,  barytes, 
borax,  boric  acid,  carbonic  acid,  clay  (including  china  clay,  fire 
clay,  fuller's  earth,  potter's  clay),  cobalt  ore,  copper  ore,  diamonds, 
flint,  freestone,  gold,  graphite,  gypsum,  ice,  iron  ore,  iron  pyrites, 
lead  ore,  manganese  ore,  nickel  ore,  nitrate  of  soda,  ochre,  oil- 
shale,  ozokerite,  petroleum,  phosphate  of  lime,  potassium  salts, 
quicksilver  ore,  salt,  silver  ore,  slate,  stone,  strontium  sulphate, 
sulphur,  tin  ore,  zinc  ore. 

Alum. — The  alum-stone  obtained  at  Allumiere  and  Tolfa,  near 
Civita  Vecchia,  occurs  in  very  irregular  veins,  which  are  sup- 
posed to  be  due  to  the  action  of  heated  water  and  sulphurous 
gases  upon  the  felspar  contained  in  trachyte. 

An  important  deposit  of  alunite  was  discovered  by  Mr.  S. 
Herbert  Cox  in  New  South  Wales,  at  the  Bullahdelah  Mountain, 
which  rises  up  from  the  bank  of  the  Myall  River,  a  tributary  of 
Port  Stephens.  Marked  cliffs,  overlooking  the  liver,  consist  of 
alunite  in  varying  quality,  ranging  from  pure  alunite  to  a  mineral 
in  which  there  is  as  much  as  40  per  cent,  of  silica.  The  deposit 
is  traced  for  over  a  mile  in  length  and  nearly  three-quarters  of  a 
mile  in  breadth,  the  thickest  band  of  stone  being  fiom  60  to  70 
yards  in  width.  The  mineral  shipped  contains  less  than  10  per 
cent,  of  silica ;  but  the  composition  of  the  rock  worked  is  vari- 
able, as  is  shown  by  the  following  analyses  : — 

Per  cent.  Per  cent. 

Water 78  13*2 

Alumina 347  37*5 

Oxide  of  iron ro  0*3 

Potash 6*1  9*5 

ooQa        ....         .        .        .        •       ...  1*1 

Snlphnric  acid 32*3  36*8 

Silica i8'i  1*9 
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The  surrounding  rocks  belong  to  the  Perm  o- Carboniferous 
system  of  New  South  Wales,  and  it  is  supposed  that  the  alunite 
has  been  formed  by  solfataric  action  upon  dykes  of  a  rhyolitic 
rock. 

Amber.— This  fossil  resin  is  found  in  a  bed  of  Tei-tiary  age, 
which  extends  along  the  shores  of  the  Baltic  from  Western 
Russia  to  Denmark.  The  principal  workings  are  about  halfway 
between  Memel  and  Dantzig.  Most  of  the  amber  is  obtained 
by  ordinary  mining ;  some  by  searching  the  shore  after  storms. 
Much  is  obtained  by  diving  and  dredging  in  the  sea.  The 
glauconitic  stratum,  known  from  its  colour  as  the  **  blue  earth," 
is  1 6  feet  thick,  and  yields,  perhaps,  6  lbs.  of  amber  per  cubic 
yard,  the  lower  third  or  so  only  being  rich  enough  to  be  worth 
mining 

Antimony.— In  Corsica,  veins,  only  a  few  inches  wide,  but 
swelling  into  shoots  i^  to  2^  feet  wide,  containing  massive  stib- 
nite  with  some  quartz  and  a  little  iron  pyrites,  traverse  mainly 
sericitic  schists.  In  the  island  of  Shikoku,  Japan,  veins  con- 
taining stibnite  and  quartz  occur  in  a  graphitic  sericitic 
schist. 

Arsenic— The  white  arsenic  of  commerce  is  mainly  obtained 
from  mispickel,  which  is  either  mined  by  itself  or  more  com- 
monly in  connection  with  the  ores  of  copper,  tin,  or  gold.  It  is 
therefore  in  most  cases  a  by-product  in  the  dressing  of  these 
ores. 

AflbeBtos.— The  asbestos  of  commerce  is  in  part  chrysotile  and 
in  part  the  fibrous  variety  of  hornblende.  Italy  and  Canada 
are  the  chief  sources  of  supply,  and  in  both  countries  the 
mineral  is  found  in  veins  in  serpentine.  The  principal  Italian 
mines  are  in  the  Susa  and  Aosta  valleys  and  the  Yaltellina.  In 
one  of  the  mines  in  a  tributary  of  the  latter  valley  the  rock  is 
cut  in  every  direction  by  thin  seams  of  asbestos,  which  seem  to 
start  as  from  a  centre  and  spread  out  in  every  direction,  and 
these  again  are  traversed  by  thin  seams  both  horizontally  and 
diagonally. 

The  most  important  of  the  Canadian  quarries  are  situated 
at  Thetford,  Black  Lake,  and  Coleraine,  in  the  province  of 
Quebec.  A  belt  of  serpentine  i-uns  through  the  district,  and  it 
is  intersected  in  places  by  small  veins  of  chrysotile,  varying 
in  width  from  a  mere  knife-edge  to  about  6  inches  at  the  most, 
the  fibres  of  the  mineral  running  almost  at  right  angles  to  the 
walls.  The  common  width  of  the  veins  is  from  i  to  2  inches, 
and  as  they  cross  and  recross  each  other  in  every  direction  and 
at  every  angle,  the  whole  of  the  enclosing  rock  has  to  be 
quarried  in  order  to  get  out  the  asbestos. 

Asphalt.— The  various  modes  of  occurrence  of  asphalt  or 
bitumen  have  been  described  by  L.  Malo  and  F.  V.  Greene, 
and  the  following  table  is  made  up  from  their  works : — 
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SUte.  Localities. 

(yisoous   .        .  Pitch  springs  in  Alabama,  France, 

1.  Nearly  pure-l  Venezuela. 

(^  solid       .        .  Dead  Sea,  Caba,  Texas,  Utah. 

2.  Mixed  with  earthy  matter    .  Pitch  Lake,  Trinidad. 

3.  Mixed  with  sand   .  .  California,  France,  Utah. 

(bitamlnoas  sandstone) 

4.  Impregnating  limestone       .  Colorado,  Cuba,  France,  Mexico, 

(bituminous  limestone)  Sicily,  Spain,  Switzerland. 

The  nearly  pure  asphalt  does  not  occur  in  sufficiently  large 
quantities  to  be  worked  on  a  commercial  scale,  and  the  Fitch 
Lake  of  Trinidad,  long  known  as  a  natural  wonder,  has  not  been 
utilised  to  any  great  extent  until  of  late  years.  The  lake  occu- 
pies an  area  of  99  acres,  and  is  on  an  average  from  20  to  30 
feet  deep.  Its  surface  is  not  one  continuous  sheet,  but  is  broken 
up  by  pools  and  channels  of  rain  water ;  the  asphalt  is  nearly 
ever3rwhere  solid  enough  to  walk  on.     The  crude  asphalt  has  the 

following  composition : — 

Per  cent. 

Bitumen 34 

Water 30 

Clay 36 

100 

The  bituminous  sandstone  of  California  is  found  in  large 
quantities  at  various  points  between  San  Francisco  and  Los 
Angeles.  It  contains  about  12  to  18  per  cent,  of  bitumen,  and 
the  rest  is  quartz  sand,  in  grains  about  one-tenth  of  an  inch  in 
size. 

We  now  come  to  the  bituminous  limestone.  The  mines  of 
Ragusa,  in  the  island  of  Sicily,  are  the  most  important.  The 
limestone  is  of  Miocene  age,  and  contains  10  to  18  per  cent, 
of  bitumen.  Yal-de-Travers,  in  Switzerland,  and  Seyssel,  in 
France,  are  also  important  sources  of  this  rock  for  paving 
purposes.  At  Seyssel  there  are  no  less  than  seven  beds  of 
bituminous  limestone,  varying  from  10  to  20  feet  (3  to  6  m.) 
in  thickness.     One  analysis  of  the  rock  was  as  follows : — 

Per  cent 

Bitumen 67 

Clay 3*o 

Peroxide  of  iron 2*6 

Lime 45*0 

Magnesia 3*3 

Sulphuric  acid 0*2 

Phosphoric  acid 0*2 

Carbonic  acid,  water  and  loss  .  38*6 

99-6 

Barytas. — ^This  mineral  frequently  accompanies  lead  ore,  but 
veins  are  sometimes  worked  for  it  alone,  as  at  Wotherton  in 
Shropshire. 
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Borax. — The  American  borax  deposits  are  situated  in  a  vast 
depression  known  as  the  Great  Basin,  which  exists  between  the 
Sierra  Nevada  on  the  West  and  the  Rocky  Mountains  on  the 
East.  Much  of  the  region  is  a  desert  with  rivers  and  lakes 
which  have  no  visible  communication  with  the  ocean.  The 
rivers  lessen  in  volume  gradually  from  absorption  and  evapora- 
tion, and  end  in  lakes.  During  the  rainy  season  soda  is  dissolved 
out  of  felspars  contained  in  the  lava  which  covers  much  of  the 
counti*y,  and  in  the  dry  season  the  salts  of  soda  crystallise  out 
at  the  surface  in  the  form  of  efflorescent  crusts,  12  to  1 8  inches 
in  thickness.  The  rain  dissolves  the  crust,  which  is  carried 
away  in  solution  into  the  rivers,  and  eventually  into  depressions 
which  form  saline  lakes. 

Two  remarkable  deposits,  known  as  Borax  Lake  and  Teel's 
Marsh,  were  discovered  in  1873 ;  ^^®  former  lies  in  the  Mojave 
desert  in  California,  450  miles  SE.  of  San  Francisco,  and  the 
latter  is  in  Nevada.  The  Borax  Lake  is  oval  in  shape,  its 
greatest  length  and  greatest  breadth  being  1 2  miles  and  8  miles 
respectively  (Fig.  17).  The  greater  part  of  the  lake  is  covered 
with  a  hard  crust  from  a  few  inches  to  several  feet  in  thickness, 
consisting  of  various  salts.  On  the  top  of  this  crust  there  is 
usually  white  efflorescent  matter  mixed  with  sand,  whilst  under 
it  is  black  mud  containing  much  iron  sulphide,  saline  matter, 
and  sulphuretted  hydrogen. 

The  lake  may  be  divided  into  three  sections,  containing  respec- 
tively: (i)  borax,  (2)  bicarbonate  of  soda,  (3)  common  salt. 
Near  the  centre  of  the  borax  section,  an  area  of  about  300  acres 
is  covered  with  water,  i  inch  to  i  foot  deep,  and  the  mud  under- 
neath is  full  of  large  crystals  consisting  of  carbonate  of  soda  and 
common  salt,  with  a  large  proportion  of  borax.  The  ground 
around  this  ^* crystal  bed"  is  a  dry  hard  crust  containing  car- 
bonate and  sulphate  of  soda  and  i  per  cent,  of  borax.  Upon  this 
hard  crust  there  is  efflorescent  matter  containing  on  an  average : — 

Per  c«nt. 

Sand 50 

Salphate  of  soda 16 

Common  salt I2 

Carbonate  of  soda 10 

Borax 12 

The  deposit  was  worked  in  the  following  manner : — The 
surface  efflorescence,  which  is  about  an  inch  thick,  is  scraped 
off  with  shovels  and  swept  into  windrows,  leaving  space  enough 
between  them  for  a  cart  to  pass.  When  the  surface  has 
been  cleared,  the  moisture  finds  its  way  up  again  by  capillary 
action  and  is  evaporated  by  the  sun.  The  formation  of  the 
efflorescence  is  allowed  to  go  on  for  three  or  four  years,  and  then 
the  new  crop  is  scraped  off.      The  saud  is  blown  on  by  high 
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periodical  westerly  winds.  The  borax  section  is  the  lowest  part 
of  the  lake,  and  there  the  hard  crust  dips  into  the  water.  It  is 
only  in  this  quarter  that  the  saline  water  can  penetrate  the  crust 
and  produce  an  efflorescence  on  the  surface.  When  the  level  of 
the  water  is  low  during  a  very  dry  season,  the  formation  of  the 

FiQ,  17. 


3  on  slowly  or  ceases  altogether.  In  this,  as  in 
most  other  boras-yielding  districts,  there  are  hot  springs  contain- 
ing small  quantities  oE  boron  compounds;  these  we  probably 
the  source  of  the  deposits.  About  1887  it  was  discovered  that 
there  were  Tertiary  beds  of  borate  of  lime  (colemanite)  abound- 
ing in  the  same  region.     The  marshes  were  abandoned,  and  a 
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mine  was  established  on  a  bedded  deposit,  6  to  30  feet  in 
thickness,  at  Borate  near  Daggett,  CsJifomia.  The  produc- 
tion of  borax  in  California  in  1902  was  20,000  tons,  valued  at 
;^5oo,ooo. 

Boric  Acid. — Boric  acid  is  obtained  in  considerable  quantities 
from  gaseous  emanations  which  come  to  the  surface  through  in- 
numerable fissures,  probably  dislocations,  in  the  Eocene  and 
Cretaceous  rocks  of  Central  Italy.  The  best  known  localities 
are  the  four  contiguous  parishes  of  Pomarance,  Castelnuovo  di 
Yal  di  Cecina,  Massa  Marittima,  and  Montieri,  in  the  province  of 
Pisa.  A  pit  is  dug  around  any  natural  *' steam-puff,"  or 
"blower"  (soffione)^  water  is  run  in,  and  the  steam  and  other 
gases,  which  boil  up  through  it,  leave  a  little  boric  acid  in 
solution.  The  gases  that  escape  are  steam,  a  good  deal  of 
carbonic  acid  and  nitrogen,  some  oxygen,  and  a  little  sulphuretted 
hydrogen.  The  very  weak  boracic  solution  is  concentrated  by 
heat  derived  from  some  of  the  steam-puffs.  The  total  production 
of  the  provinces  of  Pisa  and  Grosseto  in  1902  was  2763  metric 
tons  of  boric  acid. 

Oarbonic  Acid. — Liquefied  carbonic  acid  is  now  a  regular 
article  of  commerce,  and  Germany  has  taken  the  lead  in  utilising 
the  natural  supplies  of  the  gas.  In  1883  a  bore-hole  was  put 
down  for  carbonic  acid  at  Burgbrohl,  near  Andernach  on  the 
Rhine,  and  since  then  others  have  been  made  at  Obermendig, 
Tonnistein,  Honningen,  and  Gerolstein.  All  have  been  success- 
ful ;  they  show  that  the  subterranean  supplies  of  carbonic  acid 
are  very  plentiful,  and  that  in  places  where  the  gas  is  already 
known  to  issue,  nothing  but  a  comparatively  shallow  hole  is 
needed  to  increase  the  quantity  very  considerably. 

At  Honningen,  about  five-eighths  of  a  mile  (i  kilometre)  from 
the  Rhine,  an  emanation  of  carbonic  acid  gas  has  long  been 
known,  and  was  piped  off  to  compression  works  before  any 
boring  had  been  made.  The  rocks  in  which  the  carbonic  acid 
occurs  consist  of  greywacke  and  clay-slate,  with  vein-like  masses 
of  quartz;  they  belong  to  the  Lower  Devonian  or  so-called 
Coblentz  beds,  and  the  bore-holes  at  Burgbrohl,  Obermendig, 
and  Tonnistein  have  been  put  down  in  strata  of  the  same 
age. 

The  Honningen  hole  was  bored  with  a  diameter  of  13  inches 
(33  cm.)  to  a  depth  of  230  feet  (70  m.)  from  the  sui-face.  The 
first  water  containing  carbonic  acid  was  met  with  at  a  depth  of 
92  feet  (28  m.),  and  it  still  remains  at  this  level.  The  quantity 
of  gas  is  greater  than  was  given  off  by  the  old  emanation  at 
the  surface,  and  is  reckoned  to  be  500  litres  (nearly  18  cubic 
feet)  per  minute,  corresponding  to  720  cubic  metises  (25,428 
cubic  feet)  of  gas,  or  i  kilog.  (2*2  lbs.)  of  liquid  carbonic  acid  in 
twenty-foiu:  hours. 

The  Honningen  spring  differs  from  some  others  by  the  fact 
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that  at  a  depth  of  230  feet  (70  m.)  the  water  is  already  at  a 
t^liEiperature  of  72"  F.  (22**  C),  and  probably  a  higher  tempera- 
ture would  be  reached  if  the  hole  were  deepened.  A  second 
hole  has  been  bored  to  a  like  depth  by  another  company  at  a 
distance  of  50  feet  (15  m.)  from  the  first,  and  a  good  supply  of 
gas  has  been  obtained. 

At  Gerolstein  a  bore-hole  passed  through  alluvial  gravel  into 
solid  dolomite,  and  was  stopped  at  a  depth  of  156  feet  (47^  m.). 
It  seems  probable  that  the  hole  has  penetrated  into  a  wide  fissure 
filled  with  loose  fragments  of  dolomite.  The  water  which  flows 
out  contains  such  an  excess  of  carbonic  acid  that  it  froths  up 
at  the  surface.  The  quantity  of  water  coming  up  is  8476  cubic 
feet  (240  cb.  m.)  in  twenty-four  hours,  with  an  estimated 
minimum  of  1060  cubic  feet  (30  cb.  m.)  of  carbonic  acid  gas 
per  hour. 

Though  natural  outflows  of  this  gas  are  common,  especially  in 
volcanic  regions,  the  number  of  places  where  they  are  utilised 
commercially  is  small.  In  addition  to  the  German  localities, 
may  be  mentioned  two  places  in  Italy.  There  are  springs  of 
water  impregnated  with  carbonic  acid  and  emanations  of  the  gas 
at  Cinciano,  in  the  Yalle  d'Elsa,  province  of  Siena,  which  are 
used  for  making  pure  bicarbonates  of  potash  and  soda  from  the 
crude  carbonates,  and  also  for  making  white-lead  from  the 
acetate,  the  gas  being  perfectly  free  from  any  sulphuretted 
hydrogen.  Similar  blowers  (soffioni)  at  Montione,  near  Arezzo, 
are  employed  for  the  latter  purpose. 

Olay  (including  common  clays,  china-clay,  fire-clay,  fuller's 
earth,  pipe-clay,  potter's  clay). 

As  a  rule,  clay  occurs  in  the  form  of  stratified  deposits,  and 
this  is  the  case  with  an  important  British  clay,  the  fire-clay  of 
the  Coal  Measures,  which  is  found  in  beds  sometimes  several 
feet  in  thickness  and  usually  under  a  seam  of  coal.  The  coal  is 
often  too  thin  to  be  worked  and  may  be  only  i  inch  thick,  but 
both  coal  and  the  underlying  fire-clay  may  be  worth  working 
together.  Various  beds  of  clay  of  Secondary  and  Tertiary  age 
are  dug  in  England  for  making  pottery,  drain  pipes,  and  Port- 
land cement..  The  beds  of  fuller's  earth  near  Bath  are  of  Oolitic 
age,  whilst  those  which  are  mined  in  Surrey  belong  to  the 
Lower  Greensand. 

The  china  clay  of  Cornwall  and  Devon  exists  in  irregular 
deposits  of  a  totally  difiperent  nature;  they  consist  of  granite 
decomposed  in  sitUf  not  by  atmospheric  agencies  as  is  often 
stated,  but  far  more  probably  by  hydrofluoric  acid  brought  up 
by  deep-seated  fissures.  That  the  decomposition  was  due  to  the 
veins  or  fissures  seems  evident  from  the  fact  that  the  altered 
rock  occurs  in  bands  adjacent  and  parallel  to  them.  Where 
the  veins  are  numerous  a  very  large  mass  of  china  clay  may  be 
found,  extending  for  a  width  of  a  hundred  or  more  yards,  and  a 
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length  of  ti  quarter  of  a  mile  or  hnlf  a.  mile  along  their  strike ; 
the  depth  to  which  the  alteration  of  the  granite  continues  is  quite 
unknown.  The  veins  are  often  tin-bearing,  and  workings  for 
tin  have  led  to  the  discovery  of  china  clay ;  indeed  the  two 
minerals  may  be  worked  together.  The  altered  granite  eonaists 
of  quartz,  white  mica,  sometimes  a  little  gilbertite,  and  felspar 
which  has  been  more  or  less  completely  converted  into  kaolin. 
This  last  mineral  is  easily  separated  when  the  soft  rock  is 
washed  down  by  a  current  of  water,  for  it  is  so  finely  divided 
that  it  is  the  last  to  settle  when  the  milky  stream  is  led  into 
depositing  pits. 

Oobalt— The  cobalt  ore  worked  at  Skutterud  in  Norway  is 
found  in  certain  bands  of  quartz 
Fig.  i8.  schist  and   mica   schist  which 

J  ■  ■  -  /t  O  /<»rt: ■•  contain  small  particles  of  co- 

balt glance,    skutterudite,   co- 
hl\\  uilUU  baltiferoua  mispickel,  ordinary 

HlMli'lvl  l\  mispickel,    iron    pyrites,    and 

V  \VUm1V1  "^^^'^  metallic  sulphides. 

inVVyiwA  TheaccompanyingfignrB(i8) 

\'\\^  WWuAVin  illustrates  what  the  author  saw 

KivVvW^ui         **  Skutterud  some  years  ago 
S\  ■  V  V   ''V W        O'lK^"  *re  bands  of  mica  schist 
.  .  with  little  or  no  cobalt 

a    S    ti  0     a^    f>    ay      ^  i  ai-e  bands  of  quartz  schisl 
containing    the    cobaltic    mi 
erals  disseminated  through  them,  and  e,  a  cobaltiferous  band 
mixed  quartz  schist  and  mica  schist. 

The  rocks  appear  to  be  altered  sedimentary  strata,  and  the 
deposits  must  be  spoken  of  as  beds.  The  strike  is  N.  and  S., 
and  the  beds  dip  at  a  very  high  angle  to  the  east.  Quartz 
schist  is  the  rock  most  likely  to  be  cobaltiferous,  the  mica  schist 
may  be  also  worth  working,  but  hornblende  schist  is  poor.  The 
cobaltic  beds  are  commonly  two  or  three  fathoms  wide,  but  a 
number  of  adjacent  beds  may  produce  a  much  greater  thickness 
of  cobaltiferous  rock. 

In  New  Caledonia  the  mode  of  occurrence  is  totally  different. 
The  cobalt  is  found  as  a  hydratcd  oxide,  without  a  trace  of 
sulphur  or  arsenic,  intimately  associated  with  hydrated  oxide  of 
manganese,  in  iixegular  "pockets"  of  red  clay  in  serpentine.  In 
Fig.  19  S  is  the  serpentine  and  A  the  red  clay ;  a  a  represent 
veins  of  chromic  iron  in  the  serpentine  ;  a'  a'  is  a  little  stratum 
of  fragments  of  chromic  iron  derived  from  these  veins-  whilst 
h  h  are  beds  of  cobaltiferous  manganese  ore  in  the  clay.  The 
ore  lying  about  on  the  surface  or  obtained  from  these  pocketn 
has  from  2  J  to  3  per  cent,  of  cobalt. 

At  Rhyl,  in  Flintshire,  there  is  a  curious  irregular  cavity  in 
the  Mountain  Limestone  filled  up  with  red  clay  which  encloses 
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small  .lumps  of  asbolane.     This  deposit  was  worked  on  a  small 
scale  for  several  years. 

Fio.  19. 
a  a  ^^BE^  /&ii  fffChrmie/ro/i 

\fl  A'a '  ISS^SHB^d  •ffi^i^ffmenU  of  Chnmue  iron 

A  A      JU^eUnf 
S   S       Jli7y»«fv?tlM 
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Copper.— The  most  important  copper  mines  of  the  world 
nowadays  are  those  of  Lake  Superior,  Arizona  and  Montana  in 
the  United  States,  Rio  Tinto  and  Tharsis  in  Spain,  San  Domin- 
gos  in  Portugal,  of  Japan,  of  Chili,  and  of  Mansfeld  in  Germany. 

Copper  mining  has  been  carried  on  near  Mansfeld,  in  the 
province  of  Prussian  Saxony,  since  the  commencement  of  the 
twelfth  century,  and  the  district  is  specially  interesting  from 
the  fact  that  the  ore  is  found  in  a  bed  or  seam,  which  can  be 
worked  with  profit  in  spite  of  its  thinness  and  its  comparative 
poverty  in  metal. 

Fig.  20. 
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The  Mansfeld  district  (Figs.  20  and  21)  is  mainly  occupied 
by  rocks  of  the  following  formations : — 

Trias  .•        .  •       3-  Bunter  Stindstone. 

I  2.  Zechstein. 
1  I.  Rothliegendes. 


Permian 


(i)  The  "  Rothliegendes,''  or  the  red  floor,  is  the  old  miners' 
name  for  the  sandstone  and  breccias  lying  almost  immediately 
below  the  bed  of  cupriferous  shale.     In  contradistinction  to  the 
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ore-bed,  it  is  also  called  the  "  Todtliegeadee  "  (the  dead  floor). 
It  can  always  be  distioguiahed  by  its  characteristic  red  colour. 
One  of  itfi  must  constaat  beds  is  the  so-called  "  porphyry  con- 
gtomerate,"  consisting  of  pebbles  oE  milk-white  quartz,  hard 
siliceous  slate,  and  grey  and  reddish  porphyry. 

Fio.  ji. 
Sbction  of  Eouabd  II.  Shaft. 


StinttlaHe  and  "Ai*t " 
Btut  Shale 

u  and  "Aieta  " 


Ralhtiependa . 
ConalaineraU  . 

ttBthlitgetidei , 


a  wUJi  itelaphyre  i 


(2)  The  Zechatein  formation  consists  of  three  diviKions.  The 
lowest  division  comprises  the  "  Weissliegendes,"  the  bed  of 
copper  shale  and  the  Zechstein.  The  middle  division  consists 
of  the  anhydrite  or  older  gypsum,  or  ot  its  equivalent  the 
"  Bauchwacke,"  "  Asche,"  "  R«uh stein,"  and  Stinkstone;  the 
upper  division  is  made  up  of  variegated  clays  with  intercalations 
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of  gypsum,  the  residues  left  when  some  of  it  is  dissolved  away 
(Asche),  and  calcareous  or  dolomitic  coDcretions. 

The  "  WeisHliegeniies  "  is  petrographically  like  the  "  Rothlie- 
gendes  "  below  it,  and  is  looked  upon  by  many  as  merely  an 
uppciinoat  bed  deprived  of  colour.  Above  it  with  great  regu- 
larity comes  tbe  ore  bed,  a.  blockiuh,  bituminous,  marly  shale, 
about  15  to  18  inches  thick. 

The  ore  of  the  shale  bed  is  usually  disseminated  through  it  in 
tbe  form  of  fine  particles  (Speige),  which  impart  a  metallic  glitter 
to  the  surface  of  cross-fractures.     A  golden  yellow  colour  indi- 


cates chalcopyrite,  a  bluinh  and  reddiah  variegated  look,  bornite, 
and  a  steel  grey,  seen  more  rarely,  is  due  to  copper  glance ; 
whilst  a  greyish  yellow  denotes  a  predominance  of  iion  pyrites, 
and  a  leaden  grey,  galena.  The  following  minerals  also  occur ; 
cinnabar,  blende,  kiipfernickel,  speiskobalt,  and  compounds  of 
manganese,  molybdenum  and  selenium.  Oxidised  ores  are 
found  at  the  outcrop,  and  are  naturally  of  secondary  origin. 
In  addition  to  the  finely  disseminated  giniiis,  there  are  often 
small  strings  of  bornite  and  copper  glance,  generally  parallel  to 
the  bedding,  and  thin  coatings  of  copper  glance,  bornite,  chalco- 
pyrite, an<l  native  silver  along  the  planes  of  bedding  or  in  cross 
joints.  Finally  there  may  be  small  nodules  of  copper  ore  tying 
singly. 

The  whole  of  the  bed  of  copper  shale  is  ore-bearing ;  but,  as  a 
rule,  only  the  bottom  3  or  4  inches  are  lich  enough  to  he  worked 
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with  profit.     Occasionally  6  or  7  inches  can  be  taken,  and  in  ex- 
ceptional cases  the  whole  of  the  bed  goes  to  the  smelting  works. 
Although  there  are  minor  variations,  the  shale  is  fairly  regulai- 
fts  regards  ore-bearing  when  dealt  with  on  a  large  scala     On  an 
average,     in     the     true 
1 10  23  Mansfeld     district,     be- 

^  tween     Gerbstedt     and 

Eisleben,  it   contains   3 
to  3  per  cent,  of  copper 

f'"^'*'*'^!'!   jd^  '"         "   '     and  163  OK.  of  silver  to 
ijpl^               -'        the  ton  of  copper  (5  kU. 
_.__ ^ cl    per  metric  ton). 

The  importance  of  the 
copper  ^ale  will  be 
appreciated  from  the  fact 
that  in  the  year  1903, 
14,950  persons  were  em- 
ployed at  the  mines,  or 
twice  the  number  of  the 
miners  of  Cornwall  and 
Devon.  The  output  of 
ore  was  686,837  metric 
-C^^  tons.  The  yield  per  ton 
of  ore  averaged  zS'ig 
kilogrammes  of  copper 
and  o'  r  56  kilogramme  of 

The  famous  mines  of 
Rio  Tinto,  Tharsig,  and 
San  DomingOB  are  con- 
tained in  a  great  metalli- 
ferous belt  of  country, 
140  miles  long  by  30 
miles  wide,  stretching 
across  the  province  of 
Huelva  in  Spain  and 
into  Portugal.  The  rocks 
consist  of  slates,  in 
which  Silurian  and  Lower  Carboniferous  foasila  have  been 
found.     The  slates  are  often  altered  locally  into  jasper,  talc 
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schist,  chiastolite  schist,  &c.,  with  great  intrusions  of  qutu-ts 
and  felapar-porphyries,  diabase,  quartz-sjenite,  and  granite. 
The  strike  of  the  slater  ie  about  15*  to  25°  north  of  west,  and 
the  dip  either  vertical  or  at  a  high  angle  to  the  north.  Through 
having  the  same  general  strike  ns  the  slate,  the  masses  of 
porphyry  may  appear  to  be  inters tratified,  but  some  geologists 
hold  that  a  close  examination  of  the  junction  proves  them  to  be 
intrusive. 

As  shown  by  the  map  (Pig.  22),  there  are  four  principal 
deposits  of  pyrites  at  Rio  Tinto,  viz.,  the  North  Lode,  the  South 
Lode,  the  San  Diouido  Lode,  and  the  Yalley  Lode.  They  all 
occur  at  or  near  the  junction  of  the  porphyry  and  the  slate  ;  and 
they  are  supposed  by  Mr.  Collins  to  occupy  cavities  produced  by 
fissures.  Chi  the  other  hand,  the  somewhat  similar  deposits 
of  the  Rammelsberg  mine  in  the  Hartz,  of  ScbmoUnitz  in 
Hungary,  of  Sulitelma  in  Norway,  of  Mount  Lyell  in  Tas- 
mania, and  of  Ducktown  in  Tennessee,  are  now  generally 
considered  by  geologists  to  be  of  sedimentary  origin,  and  to  be 
strictly  conformable  to  the  surrounding  beds  of  slate. 

The  South  Lode,  the  one  most  largely  wrought  hitherto,  is 
sometimes  as  much  as  45a  feet  (140  m.)  wide,  and  is  known 
along  the  strike  for  a  distance  of  about  a  mile,  or,  indeed,  for 
two  miles  if  the  San  Dionisio  lode  is  considered  to  be  an 
extonsiou  of  it  to  the  west.  Fig.  33  is  a  cross-section  of  the 
South  Lode  at  San  Inocente  shaft,  and  Figs.  24,  25,  and  26  are 
taken  at  points  a  little  to  the  east. 

Figures*  27  and  28  show  the  curious  manner  in  which  the  San 
Dionisio    lode    swells    out 

suddenly    at    a     depth    of  •'"lo.  27.  

about  150  metres  from  the  -r^ 

surface,  and  actually  attains 
the  enormous  width  of  200 
metres.    A,  is  slate;  B,  por- 
phyry ;  C,  cupreous  pyrites;  *  . 
D,  iron  ore,  the  "  gozzan  " 

or   iron    cap    of    the  lode.  ''. 

The  slato  is  dipping  steeply 

towards   the   lode,  as   indi-  >;■ 

cated  by  the  lines  denoting 
planes  of  bedding.  The 
hatohing  of  0  itself  does 
not  represent  any  structure. 
It  will  be  interesting  geolo- 
gically and  important  commercially  to  watoh  the  further 
development  of  the  workings  upon  this  remarkable  lode. 

The  character  of   the  ore  varies  a  good   deal.     Mr,  Collins 
*  From   drawings   kind!?   Bupplied   bj  Mr.  Jamei  Oaborne,  fonnerW 
general  iDanager  ot  the  Rio  Tinto  mines. 
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names  fourteen  different  kinds.  The  principal  are  :  ( i )  Ore 
treated  for  copper  on  the  spot,  and  (2)  that  which  is  exported. 
The  former  consists  of  fine-gi-ained  and  compact  iron-pyrites 
with  1  to  2  J   per   cent,  of   copper,  existing   as  copper-pyrites 

Fio.  28. 
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minutely  disseminated  throughout  the  mass,  and  the  latter  only 
differs  by  being  richer  in  copper,  and  containing  up  to  3 f  per 
cent. 

Small  veins  of  copper-pyrites,  erubescite,  and  occasionally 
copper-glance,  more  or  less  mixed  with  iron-pyrites,  quartz, 
blende,  and  other  minerals,  traverse  the  mass,  and  there  is 
sometimes  a  compact  mixture  of  galena,  blende,  chalcopyrite, 
and  iron-pyrites,  resembling  the  "  bluestone  "  of  Anglesey. 

Few  mines  in  the  world  are  of  more  importance  than  Rio 
Tinto.  The  quantity  of  ore  extracted  from  the  beginning  of 
modern  working  in  1850  up  to  the  end  of  1899  amounted  to 
73,000,000  tons.     The  average  percentage  of  copper  was  2*85. 

The  deposits  of  iron  ore  marked  on  the  map  are  horizontal 
beds,  probably  formed  at  the  bottom  of  lakes  in  Miocene  times. 
The  ore  is  brown  haematite,  with  varying  proportions  of  silica. 
The  sections  show  that  the  upper  part  of  the  pyrites  has  been 
converted  into  a  gozzan ;  much  of  this  is  a  good  iron  ore. 

The  Tharsis  and  San  Domingos  mines  are  likewise  important 
undertakings,  and  the  total  imports  of  cupreous  iron-pyrites 
into  Great  Britain  alone  from  Spain  and  Portugal  in  1903 
amounted  to  565,546  tons,  worth  nearly  one  million  sterling. 

Grossing  the  Atlantic,  we  will  now  turn  our  attention  to  the 
mines  on  the  southern  shore  of  Lake  Superior,  which  are 
remarkable  for  their  productiveness,  and  are  equally  attractive 
to  the  geologist  and  to  the  miner. 
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The  copper-bearing  district  lies  on  a  long  peninsula,  15  to  20 
miles  wide,  with  a  north-easterly  trend,  which  projects  into  Lake 
Superior  (Fig.  29)  some  60  miles  beyond  the  general  run  of 
its  southern  shore,  and  terminates  in  Keweenaw  Point.  The 
western  half  of  the  peninsula  is  formed  by  rocks  belonging  to 
the  Keweenaw  Series,  considered  by  many  to  be  younger  than 
the  Huronian  and  older  than  the  Cambrian.  They  consist 
of  sandstones  and  conglomerates,  interstratified  with  flows  of 
eruptive  rocks  of  various  kinds. 

Fig.  29. 


The  beds  dip  to  the  north-west,  at  an  angle  of  22°  in  the 
northern  part  of  the  mineral  district,  and  in  going  south  the 
dip  increases  to  56°.  The  outcrop  of  the  actual  copper-bearing 
part  of  the  series  occupies  a  belt  of  country  from  4  to  5  miles  wide. 

The  modes  of  occurrence  of  the  copper  may  be  classified  as 
follows : — 


A.  Beds 

B.  Veins. 


j  I .  Copper-bearing  conglomerate  and  sandstone, 
t  2. 


Copper-bearing  amygdaloid. 


A.  (i)  The  deposits  of  the  first  class  are  beds  of  conglomerate 
and  sandstone  impregnated  with  native  copper.     In  most  oases 

c 
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the  cupriferous  beds  are  interstratified  with  diabase  flows ;  but 
this  connection  between  the  proximity  of  diabase  and  the 
presence  of  copper  is  not  universal.  The  copper  occurs  as  the 
cementing  material  of  the  pebbles  and  grains  of  sand,  and  also 
replaces  the  pebbles  themselves,  large  stones  several  inches  or 
even  a  foot  in  diameter  being  converted  into  the  native  metal. 
The  copper  has  evidently  been  deposited  from  aqueous  solutions 
By  far  the  greatest  proportion  of  the  Lake  Superior  copper  is 
obtained  from  these  conglomeratea  The  cupriferous  sandstones 
are  not  very  important. 

A.  (2)  The  cupriferous  amygdcdoids  are  portions  of  the  old  lava 
flows,  and  are  not,  strictly  speaking,  beds  as  defined,  though  it  is 
convenient  to  call  them  by  that  name. 

Often  they  are  highly  altered  and  have  lost  all  signs  of  having 
once  been  vesicular ;  the  native  copper  which  they  contain  must 
have  found  its  way  in  long  after  their  eruption.  It  is  usually 
very  irregularly  distributed,  and  the  parts  rich  enough  to  be 
worked  may  be  surrounded  by  much  poor  or  barren  rock.  The 
presence  of  epidote  and  calcite  is  regarded  as  a  good  indication 
for  the  proximity  of  copper. 

B.  As  the  cupriferous  lava  beds  and  conglomerates  are  locally 
called  '<  veins,"  it  is  necessary  to  say  that  the  real  veins  run  in 
a  direction  at  right  angles  to  the  general  trend  of  the  beds,  and 
are  almost  vertical.  Their  usual  width  is  from  one  to  three 
feet,  but  it  may  become  as  much  as  10,  20,  and  even  30  feet. 
They  are  largest  and  richest  when  they  have  amygdaloid  or  loose- 
textured  diabase  for  their  walls,  and  they  become  pinched  up  and 
worthless  in  the  compact  greenstone  or  sandstone.  To  a  great 
extent  they  consist  of  altered  rock,  and  are  an  instance  of 
lodes  formed  by  replacement  of  the  "  country.**  According  to 
Irving  these  veins  were  formed  by  copper-bearing  solutions 
which  found  a  path  through  zones  of  fissured  rock,  instead  of 
following  certain  easily  permeable  beds.  The  copper  is  in  the 
native  state,  and  generally  in  masses  of  considerable  size,  the 
largest  found  weighing  nearly  600  tons. 

The  following  statistics  relating  to  some  of  the  Lake  Superior 
mines  indicate  the  magnitude  of  the  copper  industry  : — 


1 

Name  of  Mine.            :  Nature  of  Deposit. 

1 

Production  of  Reflued 
Copper  in  1903. 

Calumet  and  Hecla    . 

Quincy 

Osceola 

Tamarack   . 

Atlantic 

Franklin      . 

Conglomerate 
Amygdaloid 

Conglomerate 
Amygdaloid 

Lbs. 
76,490,869 
18,498,288 
16,059,636 
15,286,093 

5.505.598 
5.309.030 
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The  percentage  of  copper  in  the  rock  stamped  varies  from  0*55 
at  the  Atlantic  to  272  at  the  Quincy  mine. 

As  will  be  seen  from  these  figures,  the  Calumet  and  Hec]a 
mine  is  the  most  important  on  Lake  Superior.  The  bed  of 
copper-bearing  conglomerate  is  from  8  to  25  feet  thick,  and 
about  12  feet  on  an  average.  The  dip  is  37^''  to  the  north-west. 
The  Lake  Superior  copper  mines  are  the  deepest  in  the  world, 
shafts  having  been  sunk  which  will  enable  the  Calumet  and 
Hecla  and  the  Tamarack  mines  to  be  worked  to  the  enormous 
depth  of  5000  feet. 

The  very  low  percentage  of  copper  in  the  Atlantic  amygdaloid, 
which  nevertheless  is  worked  at  a  profit,  is  remarkable ;  but, 
unlike  the  amygdaloids  generally,  the  Atlantic  rock  is  very 
regidar  in  its  yield.     This  makes  up  for  its  poverty. 

Arizona  produces  large  quantities  of  oxidised  ores  of  copper, 
especially  the  oxide  and  carbonates,  which  occur  in  or  adjacent 
to  the  Carboniferous  limestone.  Sometimes  there  are  irregular 
ore-bodies  at  the  contact  of  the  limestone  with  granite  or  with 
sandstone.  Masses  of  sulphuretted  ores  which  have  escaped 
decay  show  whence  the  oxidised  ores  have  been  derived. 

The  Butte  district,  Montana,  has  surprised  the  world  of  late 
years  by  rapidly  outdistancing  all  its  rivals  in  the  field  of 
copper-ore  production.  The  deposits  are  east  and  west  lodes  in 
granite,  usually  dipping  steeply  to  the  south.  The  main  lode 
which  supports  the  celebrated  Anaconda  and  Parrot  mines,  has 
proved  productive  for  a  distance  of  three  miles  along  the  strike. 
The  principal  ores  are  erubescite,  copper  glance,  and  chalco- 
pyrite.  Everywhere  near  the  lodes  the  granite  is  soft  *  and 
friable,  and  often  contains  ore-bodies.  Though  the  granite  has 
been  greatly  fissured,  it  seems  likely  that  much  of  the  ore  does 
not  fill  up  cracks,  but  has  gradually  taken  the  place  of  the  rock 
by  a  process  of  substitution.  The  width  of  the  lodes  varies 
considerably ;  however,  on  an  average  it  may  be  taken  at  ten 
feet.  The  copper  ore  is  silver-bearing,  the  proportion  varying 
from  ^  oz.  per  unit  of  copper  to  2  oz.  per  unit. 

The  upper  parts  of  the  veins  consisted  of  oxidised  minerals, 
from  which  the  copper  had  been  leached  out  almost  entirely,  but 
in  which  the  silver  was  retained  and  formed  the  original  object 
of  the  mining.  At  the  Anaconda  mine  there  was  no  copper 
worth  speaking  of  for  the  first  400  feet  in  depth ;  then  came  a 
rich  zone  of  oxisulphides  and  erubescite,  considered  to  contain 
some  of  the  copper  which  had  been  dissolved  out  of  the  vein  at 
a  higher  level,  and  after  lasting  for  200  feet  it  was  succeeded  by 
the  unaltered  sulphides. 

Copper  ores  are  widely  distributed  through  the  Australasian 
colonies,  and  thanks  to  the  remarkable  deposits  at  Mount 
Lyell,  Tasmania  takes  the  first  place  in  the  Australasian  pro- 
duction of  copper.     The  deposit  is  a  mass  of  cupriferous  iron 
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pyrites  similar  to  that  of  Rio  Tinto.  It  ia  at  least  300  feet 
tbick  and  960  feet  long,  and  composed  of  nearly  pure  pyrites 
lying  in  ribs  parallel  to  the  stratification  of  the  enclosing  rocks. 
The  ore  consists  of  83  per  cent,  of  iron  pyrites  and  14  per  cent. 
of  copper  pyrites,  its  average  contents  being  4-5  per  cent,  of 
copper,  3  oz.  of  silver  to  the  ton,  and  z^  dwt.  of  gold  to  the  ton. 
At  the  Great  Cobar  mine  in  New  South  Wales  the  ore  occurs  in 
a  vein,  varying  in  width  from  a  mere  film  up  to  loo  feet. 

Diamonda By  far  the  most  important  diamond  district  in  the 

Fia.  3a 
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world  is  at  Kimberley,  in  Oape  Colony,  647  miles  by  rail  from 
Cape  Town.  Strange  to  say,  most  of  the  precious  gems  are 
obtained  from  6ve  deposits  situated  in  close  proximity  to  each 
other ;  indeed,  all  five  are  included 
in  a  circle  3J  miles  in  diameter.  The 
masses  of  diamond- bearing  rock  may  be 
described  as  huge  vertical  columns,  of 
round,  oval,  or  kidney-shaped  section,  as 
.  -  shown  by  Figs.  30  and  31.*     The  un- 

J  weathered  diamond-bearing  rock,  locally 

JL.      a/mrs'oii        l""'"i»  as  "  blue  ground,"  or  "  blue,"  is  a 
'X~  «"W(JI3     breccia,  consisting  of  fragments  of  shale, 

I  ^  basalt,  diorite,  and  a  little  sandstone, 

cemented  together  by  olivine  rock  con- 
taioingdiamonds  and  various  other  miner- 
als, such  as  bronzite,  biotite,  talc,  garnet,  graphite,  magpetite, 
and  iron  pyrites.  The  surrounding  rocks,  locally  called  "reef," 
are  beds  of  carbouaceousandpyritiferous  shale  lying  horizontally. 
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and  sheets  of  basalt  and  melaphyre,  under  which  comes  quartzite. 
The  melaphyre  is  a  hard  amygdaloidal  rock,  which  has  also 
been  called  olivine  diabase.  Large  detached  masses  of  the 
surrounding  rocks  are  sometimes  included  in  the  '^  blue,"  and 
are  then  known  as  "floating  reef."  The  upper  parts  of  the 
deposits  have  been  decomposed  by  atmospheric  agencies,  and 
changed  into  a  soft  friable  earth  to  a  depth  varying  from  45  to 
60  feet,  and  the  colour  is  yellow,  instead  of  the  slaty  blue  of 
the  unweathered  rock.  The  surrounding  rocks  have  naturally 
shared  in  this  weathering. 

The  diamond-bearing  rock  appears  to  be  the  filling-up  of  the 
necks  or  throats  of  old  volcanoes  by  a  mud  from  below.  From 
the  frequent  occurrence  of  broken  diamonds  it  is  fairly  inferred 
that  the  gems  were  not  formed  in  sitUy  but  were  carried  up  with 
the  "  blue." 

Not  only  does  the  yield  in  diamonds  vary  in  the  different 
mines  and  in  different  parts  of  the  same  mine,  but  the  diamonds 
themselves  have  their  peculiar  characteristics,  which  enable  the 
expert  to  say  at  once  from  which  mine  a  '*  parcel "  of  stones  has 
been  obtained.  The  average  yield  per  load  of  1 6  cubic  feet  *  of 
the  "blue  ground'*  worked  in  1902  was  as  follows : — 

Area. 
De  Beers   \ 
Kimberley/ 
Premier,  Wesseltoti  . 

At  Jagersfontein,  80  miles  to  the  south  in  the  Orange  River 
Colony,  there  is  a  similar  deposit,  producing  stones  of  the  finest 
water,  and  other  deposits  recently  discovered  in  the  Transvaal 
are  being  successfully  worked. 

The  commercial  importance  of  the  diamond  deposits  cannot 
be  overestimated,  for  the  value  of  the  diamonds  produced 
annually  at  Kimberley  exceeds  five  millions  sterling. 

Until  1893  the  largest  diamond  found  weighed  428^  carats 
in  the  rough  state,  and  228^  carats  after  cutting ;  it  came  from 
De  Beers  mine.  This  large  stone  has  been  eclipsed  by  one  of 
97 1 J  carats  discovered  at  Jagersfontein  in  June  1893,  and  by 
one  of  3032  carats  found  at  the  Premier  mine  near  Pretoria  in 
January  1905. 

In  addition  to  diamonds  fotind  in  a  solid  matrix,  there  are 
those  from  the  river  diggings.  It  was  in  the  recent  alluvium 
of  the  Vaal  River  that  diamonds  were  first  discovered  in  1867, 
and  though  thrown  into  the  shade  by  the  output  of  the  mines, 
the  gravel  is  still  washed  by  parties  of  men  scattered  along  the 
banks  of  the  river  for  a  distance  of  70  miles. 

Diamonds  are  found  in  alluvial  gravel  and  in  conglomerate  in 
Brazil,  Borneo,  India,  New  South  Wales,  and  British  Guiana. 

*  Sixteen  cabic  feet  of  broken  ground  correspond  to  abont  9  cubic  feet 
of  solid  ground. 


Cants  per  load. 

Value  per  carat. 

076 

358.  6d. 

0*30 

.      338. 6d. 
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Flint.— It  may  be  thought  strange  by  some  that  flint  is  given 
A  place  among  the  important  minerals  which  deserve  special 
description.     The  reasons  for  mentioning  it  are  twofold.     Firsts 

Fig.  32. 
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the  earliest  underground  workings  in  Great  Britain  were  pro- 
bably for  flint ;  and  secondly,  flint  affords  a  good  instance  of  the 
replacement  of  an  original  bed  by  another  mineral. 
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Pits  in  the  chalk  known  as  "  Grime's  graves  "  *  were  at  one 
time  a  puzzle  to  the  antiquary,  but  it  is  now  generally  conceded 
that  they  are  the  mine  shafts  by  which  beds  of  flints  were 
worked  for  the  manufacture  of  stone  implements  in  Neolithic 
times. 

This  old  trade  of  flint  mining  still  survives  at  Brandon  in 
SufiFolk,  for  though  stone  hatchets  and  arrow-heads  are  no 
longer  wanted,  there  is  still  a  market  for  gun-flints  in  parts  of 
Africa.  The  mode  of  mining  the  stone,  splitting  off  flakes  and 
knapping  them  into  gun-flints,  was  admirably  described  and 
illustrated  in  1879  by  Mr.  Skertchly  in  one  of  the  ''  Memoirs 
of  the  Geological  Survey  of  England  and  Wales.''  Fig.  32 
represents  a  section  of  the  beds  in  which  the  flint  occurs.  It 
shows  that  the  layers  of  flint  are  sometimes  continuous,  and 
sometimes  consist  merely  of  a  succession  of  nodules  which  do 
not  touch  each  other.  Some  of  the  flint  has  knobs  and  even 
horn-like  projections,  the  transformation  from  chalk  into  silica 
not  being  confined  stanctly  to  one  particular  layer  of  the  original 
sea-bottom.  The  principal  bed  is  the  '*  floor- stone,"  No.  20, 
about  8  inches  thick,  but  other  layers  are  mined  from  time  to 
time  for  building  stone  or  gun-flints,  f 

FreeBtone.— Freestone  is  largely  quarried  in  England  from 
beds  of  Jurassic  age,  and  the  so-called  "Bath  stone"  is  not 
only  quarried  but  also  mined  at  Corsham  in  Somersetshire,  and 
at  Weldon  in  Northamptonshire.  The  bed  worked  in  the  Cors- 
ham underground  quarries  varies  from  8  to  24  feet  in  thickness, 
lying  almost  flat ;  it  is  a  typical  Oolitic  limestone  which  can  be 
sawn  freely  in  any  direction. 

Oold.— This  metal  is  so  widely  distributed  over  the  earth  that 
it  will  be  impossible  to  compress  into  the  space  available  any- 
thing more  than  a  very  summary  description  of  the  principal 
modes  of  occurrence  in  beds,  veins,  and  masses. 

Beds, — ^Of  late  years  the  marvellous  resources  of  the  Wit- 
watersrand,  or  simply  "  Rand,"  gold-field,  in  the  southern  portion 
of  the  Transvaal,  have  enabled  it  to  become  facile  pnnceps 
among  gold-producing  districts.  The  gold  is  obtained  entirely 
from  beds  of  conglomerate  or  puddingstone  called  banket,  which 
is  the  Dutch  name  for  almond  rock,  the  hardbake  of  the  British 
schoolboy,  because  the  pebbles  look  like  the  almonds  in  the 
sugar.  The  layers  of  auriferous  conglomerate  lie  conformably 
among  beds  of  sandstone,  shale,  clay,  and  quartzite.  At  Johan- 
nesburg the  beds  strike  east  and  west  and  dip  to  the  south. 
The  conglomerate  consists  mainly  of  pebbles  of  white  quartz, 
and  in  the  upper  parts  of  the  workings  they  are  cemented 

•  The  word  "Grime"  is  probably  a  corruption  of  "Grim,"  meaning 
demon,  and  "  grave  "  is  equivalent  to  pit. 

t  A  more  or  less  regular  and  continuous  layer  of  flints  is  locally  called 
a  ta$e  or  s««f,  which  recalls  the  French  word  "  assise." 
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together  b;  oxide  of  iron,  aand, 
and  clay.     Below  the  influence  of 

C7  B  a  atmoBpheric  agencies,  the  cement- 

j'tl  ing  material  is  found  to  consist 

-I^S-  largely  of  ailvery-grey  micaceous 

g  'S  I  matter    with    cubical   crystals  of 

S.**  s  iron  pyrites,   and    the   colour   of 

4^1  the  banket  changes  from  red  and 

I  2  o  .  brown  to  blue  and  bluish  grey. 
J  n  <  g  It  is  quite  evident  from  the  exami- 
|'^;;S  nation  of    specimens  that    much 

ii>^  9'  °^  ^^^  ferruginous  matt«r  in  the 

£  K  «  V  upper  parts  of  the  conglomerate  is 

v'.S  3  I  derived  from  the  decomposition  of 

'^S  S  "  iiv^  pyrites,  and  visible  gold  is 

S  T'S  °  seen  in  the  cavities  formerly  occu- 

.^£■"'0  pied  by  crystals  of  that  mineral. 

"O  e   .  Q  The  bulk    of   the  gold  is  said  to 

B-^^I^  exist  in  the  cement  and  not  in 

'^I'l'^  the    pebbles;     but    some    assays 

«<(--i-a  made    by   the  late   Mr.    Richu^ 

sj'55  Smith  ^ow  that  this  is  not  in- 

II  ".if  variably  the  case.  Occasionally 
'  -air  specimens  showing  gold  in  cracks 
^  X^  V  in  the  pebbles  have  been  found. 

'b  D  4  H  Fig<   33i    a   section   across   the 

^^  I  S  Salisbury  Mine  at  Johannesburg, 

—  °°.  J  S  shows  four  beds  of  auriferous  con- 

J  a  !'»  glomerate,  known   as  the  North 

^^  ^-°  Reef,  the   Main    Reef,  the  Main 

.'S  '^  ^  Reef  Leader,  and  the  South  Reef. 

g  S  ti  o  The  beds,   which  occur  in  an 

^  B  ^K  oval  basin,  assume  a  high  angle, 

g  i  S:S  but  when  followed  in  depth,  show 

•si^J  a  tendency  to  flatten.    The  widths 

c  a  "—  are  very  variable,  the  main  bed, 

"  2  'K  ^  for  example,  varying  from  16  feet 

"e-a  I  ^  ^  mere  thin  sheet.     By  means 

o.^  g-§  of  bore-holes,  the  beds  have  been 

i  a  £  s  proved    to    depths   of   over   3000 

^T3  2-e  feet.     The  persistency  of  the  beds 

-S  3  ^_  has  led  to  the  starting  of  many 

^'"'"^■"^  deep-level  mines. 

-=  S  §  I  -^^  would  naturally  be  expected 

■g'^w"!^  in  the  case  of  beds  doubtless  de- 

£  r-i^  f^  posited  in  shallow  water,  there  are 

1:'°^.^  frequent  variations   of   character 

-S  la  and  thickness  in  a  short  distance. 
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Whilst  certain  beds  of  conglomerate  are  auriferous,  others  are 
not,  or  contain  merely  traces  of  gold.  The  sandstone,  as  a  rule, 
is  not  auriferous,  but  layers  within  the  banket  may  be  worth 
working.  The  richest  beds  are  the  Main  and  South  Reef  with 
some  of  the  thin  "  leaders."  The  gold  is  not  distributed  uni- 
formly through  the  bed  of  banket ;  but  upon  the  whole  there  is 
far  greater  regularity  of  yield  than  can  be  expected  in  a  vein, 
and  as  a  rule  the  whole  of  the  bed  is  worked  away  like  a  seam 
of  coal,  without  poor  portions  being  left.  The  fact  of  being  able 
to  form  a  rough  approximate  estimate  of  the  probable  yield  of  a 
given  area  of  banket  is  of  the  utmost  commercial  importance. 


Fig.  34. 
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a,  bard  grey  siliceons  shale;  6,  massive  qnartzite,  becoming 
talcose  and  highly  auriferous  in  zones ;  Cy  schistose  quartzite, 
becoming  argillaceous  in  places ;  dy  impure  sandstone  quartzite, 
e,  quartzose  breccia  with  fragments  of  felsite  and  clay  shale ; 
/,  hard  grey  siliceous  shale ;  g^  highly  auriferous  sandy  matter 
resulting  from  the  disintegration  of  the  bed  6. 

The  Rand  output  in  1904  was  3,773,497  ounces  of  fine  gold ; 
and  in  1903  it  was  2,963,681  ounces.  The  average  total  gold 
yield  of  the  conglomerate  stamped  was  39s.  per  ton,  of  which 
about  two-thirds  were  obtained  at  once  by  amalgamation  at  the 
mills,  and  the  remainder  by  subsequent  treatment  of  the  tail- 
ings, slimes,  and  concentratea 

The  gold-bearing  strata  are  supposed  to  be  of  Devonian  age. 

Whether  the  gold  was  deposited  at  the  same  time  as  the 
pebbles  of  quartz,  or  whether  it  was  brought  by  the  subse- 
quent infiltration  of  mineral  solutions  which  found  their  easiest 
channels  of  escape  through  the  most  readily  permeable  beds, 
has  not  been  decided ;  but  where  the  bulk  of  a  deposit  consists 
of  materials  of  undoubted  sedimentary  origin,  it  is  best  for  the 
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miner  to  call  it  a  "  bed  "  or  "  seam,"  and  leave  the  question  of 
origin  to  be  settled  later  on  by  the  geologist. 

^^S'  34*  represents  a  section  of  the  Sheba  Mine,  Barberton, 
Transvaal,  where  gold  occurs  in  a  bed  of  auriferous  quartzite. 

Fig.  35  is  a  section  of  an  auriferous  alluvium  in  the  Caratal 
district  of  Venezuela. 


Fig.  35. 
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The  following  is  the  succession  of  the  beds:— i.  Soil.  2.  Red 
clay,  showing  no  signs  of  stratification.  3.  Soft  clayey  "  moco  de 
hierro."  4.  Hard  brown  iron  ore  ("moco  de  hierro"),  with 
pieces  of  quartz  in  it  and  a  little  clay.  5.  Blocks  of  vein-quartz, 
often  auriferous.  6.  "  Greda,"  or  pay-dirt,  a  yellow  ferruginous 
clay  containing  nuggets  and  small  grains  of  gold.  7.  "  Gascajo," 
decomposed  schist,  forming  the  *'  bed-rock."* 

Fig.  36  explains  how  a  superficial  gold-bearing  "rainwash" 
may  result  from  the  denudation  of  a  bed  of  auriferous  gravel. 

The  great  alluvial  deposits  of  the  world  are  of  newer  Tertiary 
age.  The  great  developments  of  gold  mining  within  short 
spaces  of  time,  as  in  California  and  Victoria  in  1849-52,  and 
on  the  Klondyke,  were  due  to  alluvial  mining.  In  Siberia,  in 
the  Yukon  district,  and  in  Guiana,  almost  the  whole  of  the  gold 
obtained  is  alluvial. 

Some  of  the  deposits  of  gold  in  Brazil  occur  under  totally 
different  conditions.  The  precious  metal  is  found  in  beds  of 
jacofinga,  the  local  name  for  a  friable  mixture  of  micaceous  iron, 
earthy  brown  iron  ore,  oxide  of  manganese,  lithomarge  or  talc, 
a  little  quartz,  and  small  lumps  and  granules  of  gold.     The  beds 


*  From  a  sketch  kindly  supplied  by  Mr.  G.  J.  Alford,  F.G.S. 
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of  jacotinga  occur  as  subordinate  bands  in  the  rgck  known  as 
itabirite,  composed  mainly  of  micaceous  iron,  specular  iron, 
magnetite,  and  granular  quartz.  Some  of  the  beds  of  itabirite 
are  worked  as  iron  ores. 

Though  the  jacotinga  forms  beds,  the  gold  is  not  uniformly 
distributed  through  it,  but  is  concentrated  in  productive 
slwols. 

Veins, — The  veins  usually  consist  in  great  part  of  quartz,  and 
contain  in  addition  iron  pyrites,  or  some  other  heavy  metallic 
sulphides,  such  as  galena,  zinc  blende,  copper  pyrites,  magnetic 
pyrites,  stibnite,  and  mispickel.  The  gold  is  principally  in  the 
metallic  state,  even  when  enveloped  in  pyrites,  which  is  so 
frequently  the  case;  but  it  occurs  also  in  combination  with 
tellurium,  and  with  bismuth. 

The  "  Mother  Lode,"  or  "  Great  Quartz  Vein,"  in  the  Sierra 
Nevada  of  California  is  the  first  deposit  that  must  be  noticed ; 
for  it  is  remarkable  by  its  length,  its  width,  the  number  of 
mines  which  are  dependent  upon  it,  and  their  annual  yield  of 
the  precious  metal.     Some  of  the  most  important  facts  concern- 

FiG.  36. 


I.  Schist  ("  Cascajo  ")  or  felstone  forming  the  bed-rock  of  a  fer- 
mginotis  gold-bearing  gravel  ("moco  de  hierro")  2;  3.  Red  fer- 
ruginous earth  ("  Tierra  de  flor  ")  containing  nuggets  of  gold. 

ing  it  were  described  in  1880  by  Whitney.  The  axis  of  the 
Sierra  Nevada  is  a  mass  of  intrusive  granite,  which  is  flanked 
by  metamorphic  Triassic  and  Jurassic  rocks ;  the  existence  of 
fossils  proves  the  gold-bearing  strata  to  be  of  Secondary  age. 
The  rocks  in  which  the  principal  gold  veins  of  this  region  occur, 
are  slates  of  various  kinds,  such  as  clay-slate,  talcose  slate^  and 
chloritic  slate,  which  form  a  marked  belt,  sometimes  18  miles 
wide,  running  through  the  country  for  fully  150  miles.  The 
slates  are  accompanied  by  a  band  of  serpentine  (probably  a 
metamorphosed  igneous  rock)  sometimes  a  mile  wide.  In  the 
black  slate,  or  following  the  contact  of  slate  and  diabase,  is  the 
very  remarkable  mass  of  quartz  known  as  the  "  Mother  Lode," 
which  may  be  traced  for  a  distance  of  1 1 2  miles  from  El  Dorado 
County  to  Mariposa  County  in  a  general  SE.  by  S.  direction. 
This  powerful  lode  is  made  up  of  irregularly  parallel  plates  of 
white  compact  quartz  and  crystalline  magnesite,  more  or  less 
mixed  with  green  talc;  and  these  plates,  which  somewhat 
resemble  the  '^  combs  "  of  ordinary  lodes,  are  either  in  contact 
or  separated  from  each  other  by  intercalated  layers  of  talcose 
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slate.  The  quartz  is  the  auriferous  portion  of  the  lode,  although 
it  is  far  from  being  uniformly  impregnated  with  gold.  The 
talcose  slate  bands  in  the  vein  are  often  themselves  more  or  less 
auriferous.  In  one  place  the  vein  is  261  feet  wide  measured 
horizontally  across  it,  and  it  dips  to  the  north-east  at  an  angle 
of  60**.  Whitney  says  it  is  not  proved  to  be  a  fissure  vein,  and 
he  is  more  inclined  to  consider  it  as  a  metamorphosed  belt  of  rock. 
The  map  of  the  lode  given  in  1886  by  Collins  shows  seventy- 
seven  mines  which  have  been  profitably  worked  in  recent  times, 
and  we  learn  from  him  that  the  auriferous  quartz  contains  small 

Fig.  37. 
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quantities  of  metallic  sulphides,  such  as  iron  pyrites,  mispickel, 
marcasite,  chalcopyrite,  and  galena.  The  quantity  of  gold  pro- 
duced from  the  quartz  treated  varies  from  3  dwts.  to  20  dwts. 
per  ton,  and  the  **  Mother  Lode,"  which  in  places  has  produced 
since  its  discovery  eight  million  dollars  per  mile,  still  yields 
about  two  million  dollars  worth  of  gold  annually. 

The  gold  veins,  or  "  reefs,"  in  Victoria  are  found  in  the  Upper 
and  Lower  Silurian  rocks.  The  gold  is  especially  associated 
with  iron  pyrites ;  when  it  decomposes,  a  cellular  honeycombed 
quartz  is  left  behind,  and  the  gold  is  unmasked  and  rendered 
visible  in  the  little  rusty  cavities.  Other  heavy  metallic  sul- 
phides are  common  here  as  elsewhere. 

In  Western  Australia  there  are  some  striking  examples  of 
gold  veins.  Schmeisser  distinguishes  two  kinds:  (a)  simple 
quartz  veins,  in  which  the  fissures  are  in  the  main  filled  with 
quartz ;  and  {b)  composite  veins,  which  the  Australian  miner 
designates  as  "lode  formations,'*  in  which  the  fissures  have 
been  filled  with  enclosing  rock,  greatly  altered  and  intersected 
by  numerous  bunches  and  threads  of  quartz.  The  Great 
Boulder,  Lake  View,  Ivanhoe  and  Hannan's  BrownhUl  mines, 
in  the  Kalgoorlie  goldfield  are  working  veins  of  this  type. 
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Fig.  38. 


Much  interest  has  been  shown  in  recent  years  in  the  Cripple 
Creek  and  Kalgoorlie  goldfields  owing  to  their  rapid  develop- 
ment^ and  the  prominent  association  of  the  gold  with  tellurium 
in  the  deeper  region.  In  the  Cripple  Creek  district,  Colorado, 
the  gold-bearing  veins  occur  in  an  area  of  Tertiary  volcanic 
breccias  and  tuffs,  massive  andesites,  phonolites,  (fee,  or  in 
granite  in  the  immediate  neighbourhood  of  this  volcanic  centre. 
The  course  of  a  vein  is  sometimes 
marked  by  a  single  distinct  fissure, 
but  usually  there  are  a  number  of 
parallel  cracks  sometimes  so  close 
together  as  to  give  the  rock  in 
which  they  occur  a  sheeted  or  almost 
slaty  structure  from  a  width  of  from 
several  inches  to  a  foot  or  more  on 
each  side  of  the  main  fissure.  Very 
commonly  there  is  no  leading  fissure 
of  any  considerable  width  in  the 
series  of  very  narrow  parallel  cracks 
of  the  fractured  zone.  The  ore  con- 
sists mainly  of  altered  rock  adjacent 
to  the  fissures  which  has  been  more 
or  less  replaced  by  quartz,  fluorspar, 
and  opaline  silica,  together  with  iron 
pyrites,  and  more  rarely  other  sul- 
phides. The  gold  occurs  in  the  ore 
free,  in  combination  with  tellurium, 
and   possibly   associated   with  iron 

pyrites,  the  last  being  the  least  important  form.  In  Transyl- 
vania, where  the  veins  occur  in  eruptive  rocks,  the  gold  also  is 
associated  with  tellurides. 

The  peculiarities  of  the  so-called  "  saddle-reefs  "  of  the  Sand- 
hurst or  Bendigo  goldfield,  Victoria,  which  differ  considerably 
from  typical  veins,  have  been  very  clearly  explained  by  Mr. 
T.  A.  Rickard,  from  whose  useful  memoir  the  following  account 
is  borrowed.  These  reefs  are  arch-like  masses  of  quartz  con- 
formable to  the  bedding  of  the  surrounding  Lower  Silurian 
slate  and  sandstone,  as  shown  by  the  letters  B  A  C  in  Fig.  37. 
The  part  A  is  called  the  ''cap "  or  "  apex  "  ;  B  is  the  "west  leg  " 
and  C  the  "  east  leg,"  because  the  main  anticlinal  axes  strike 
NNW.  and  SSE.  The  part  D  is  known  as  the  "centre 
country,"  the  rocks  to  the  east  of  C  form  the  "  east  country," 
and  those  to  the  west  of  B  the  "  west  country."  The  inclination 
of  the  line  of  the  ridge,  northwards  or  southwards,  is  spoken  of  as 
the  "  pitch,"  in  order  to  distinguish  it  from  the  dip  of  the  strata. 
There  may  be  more  than  one  such  saddle,  or  a  long  succession  of 
them,  one  below  the  other  (Fig.  38),  but  they  are  not  all  equally 
auriferous.     Thus,  out  of  five  which  have  been  discovered  and 
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explored  at  **  i8o"  mine,  only  three  have  proved  to  be  worth 
working  for  gold. 

Similar  masses  of  auriferous  quartz  have  been  found  at  some 
of  the  synclines  ('*  inverted  saddles  "),  and  worked  to  a  slight 
extent.  Very  large  dividends  have  been  paid  by  many  of  the 
companies  working  the  "  saddle-reefs.'' 

In  India  gold  is  obtained  in  steadily  increasing  quantities  in 
Mysore  from  quartz  veins  traversing  schistose  rocks  and  the 
underlying  gneiss. 

Masses. — Having  given  examples  of  auriferous  beds  and  veins, 
we  come  to  masses.  Treadwell  Mine,  situated  on  Douglas 
Island,  Alaska,  owes  its  existence  to  a  mass  of  auriferous  altered 


Fig.  39. 


a,  pipe  of  geyser  (theoretical) ;  h,  cap-deposit  of  gejser ;  c,  over- 
flow deposit  of  geyser ;  t,  metamorphic  rocks ;  d,  rhyolite  dykes. 

granite,  420  feet  wide  and  of  considerable  length.  The  rock, 
which  appears  to  have  been  a  hornblende  granite  originally, 
now  consists  principally  of  quartz  and  felspar,  with  a  little  calcite 
and  specks  of  iron  pyrites,  and  is  traversed  by  strings  of  quartz, 
iron  pyrites,  and  calcite.  The  original  rock  was  probably 
crushed  and  fissured,  and  then  brought  under  the  action  of 
solutions  which  penetrated  into  it  in  all  directions,  and  so 
produced  the  alteration.  The  yield  is  about  2  dollars  per 
ton,  but  as  the  deposit  can  be  worked  opencast,  the  cost  of 
getting  is  low.  Much  of  the  gold  is  free,  and  can  be  extracted 
by  amalgamation  although  enveloped  by  pyrites.  This  mass 
may  be  called  a  stock  work  or  network  deposit. 

The  productive  Mount  Morgan,  near  Rockhampton  in  Queens- 
land, while  astonishing  the  world  by  its  richness,  affords  a  puzzle 
to  geologists  which  has  not  yet  been  satisfactorily  solved. 

The  auriferous  deposit,  which  is  worked  as  an  open  quarry,  is 
a  mass  of  brown  hiematite,  sometimes  stalactitic  and  containing 
a  little  silica,  which  passes  gradually  into  a  ferruginous  siliceous 
sinter.  Some  of  it  is  spongy  and  frothy  in  appearance,  and  so 
full  of  cavities  that  it  will  float  upon  water  like  pumice.  The 
precise  nature  of  the  gold-bearing  mass  is  shown  by  twenty 
views  in  Mr.  R.  L.  Jack's  **  Third  Report"  on  the  deposit  (1892). 

Both  the  sinter  and  the  brown  iron  ore  contain  gold,  and 
yield  an  assay  several  ounces  to  the  ton.  The  auriferous  stone 
caps  a  hill  rising  about  500  feet  above  the  neighbouring  table- 
land, and  the  most  important  part  of  it  is  the  actual  top  or 
crown,  an  oval  mass  300  yards  long  by  170  yards  wide. 
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Mr.  Jack  considers  that  the  deposit  is  the  product  of  a  geyser, 
and  he  explains  his  views  by  the  section  (Fig.  39).  This  natur- 
ally represents  the  present  condition  of  the  hill,  much  of  the 
origina,!  geyser  deposit  having  been  removed  by  denudation. 
The  gold  exists  in  a  state  of  great  fineness,  and  the  metal 
extracted  is  of  extreme  purity,  for  it  contains  99*7  of  gold,  the 
rest  being  copper,  a  trace  of  iron,  and  a  minute  trace  of  silver. 
Dr.  Leibius,  of  the  Sydney  Mint,  speaks  of  it  as  the  richest  native 
gold  hitherto  found. 

Without  having  examined  the  deposit  upon  the  spot,  one 
scarcely  likes  to  criticise  the  conclusions  of  so  able  an  observer 

Fio.  40. 


as  Mr.  Jack;  butlooklngat  his  section  of  the  No.  i  tunnel,  we  find 
that  the  auriferous  mass  must  repose  upon  highly  pyritous  rocks, 
such  as  quartzite  full  of  fine  pyrites,  in  which  the  latter  con- 
stituent may  sometimes  predominate.  The  suspicion  naturally 
crosses  one's  mind  that  the  gold-bearing  cap  may  simply  be  due 
to  the  decomposition  and  weathering  of  the  pyritiferous  rock. 
Mr.  Jack  combats  this  theory,  and  says  that  it  is  disproved  by 
three  facts :  First,  A  dyke  of  dolorite  in  the  quartzite  does  not 
reach  up  into  the  overlying  sinter.  Second,  The  pyritiferous 
quartzite  is  poor  in  gold.  Third,  The  silica  of  the  sinter  is 
hydrated.  He  therefore  still  maintains  his  original  opinion 
that  the  sinter  and  ironstone  were  deposited  by  a  thermal  spring 
on  the  pyritous  quartzite,  and  are  not  altered  portions  of  it. 

Mr.  Rickard,  while  disagreeing  with  the  geyser  theory,  concurs 
in  Mr.  Jack's  opinion  that  the  deposit  is  not  an  altered  portion 
of  the  pyritous  quartzite,  though  he  remarks  that  the  Mount 
Moi^n  rock  bears  a  strong  outward  resemblance  to  the  decom- 
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poaed  outcrop  of  the  Broken  Hill  lode  in  New  South  Wales. 
This  can  be  easily  imagined  from  an  inspection  of  the  viewa 
given  in  Mr,  Jack's  third  report,  from  which  the  outlines  of 
Fig.  40  have  been  copied.  The  theory  propounded  by  Mr. 
Rickard  {Fig.  41)  is  that  the  auriferous  stone  of  Mount  Morgan 
is  roek  shattered  by  the  intrusion  of  dykea,  and  then  altered  by 
the  percolation  of  underground  mineral  solutions,  which  found 
an^  easy  passage  through  the  cracked  and  fissured  mass.  He 
points  out  that  the  gold  may  have  been  derived  from  the  poor 
pyrites  disseminated  through  the  quartzite,  or  from  the  sand- 
stone of  the  district,  which  has  been  shown  to  be  auriferous. 

Fia.  41. 


The  quantity  of  stone  treated  by  cblorination  at  Mount 
Morgan  in  the  twelve  months  ended  30th  November  1898  was 
187,547  tons,  from  which  168,786  oz.  of  gold  were  obtained, 
equal  to  18  dwt.  per  ton.  The  value  of  the  gold  was  ;£^68o,2oz. 
The  dividends  paid  by  this  mine  from  1886  to  June  1903 
amounted  to  ;^6,229,i66.  In  1903  over  20,000  tons  of  ore 
were  treated  per  month,  the  ore  averaging  io'62  dwt. 

Oraphite. — The  great  graphite  mines  of  the  world  are  those 
of  Austria  and  Ceylon.  In  Ceylon  the  mineral  is  found  in 
layers  from  a  few  inches  to  several  feet  in  width,  in  gneiss  and 
mica  schist.  The  graphite  is  associated  with  quartz  and  a  little 
iron  pyrites. 

At  Kaiserberg,  in  Styria,  the  mineral  is  found  in  graphitic 
schist ;  the  beds  vary  in  thickness  very  rapidly  from  a  few 
inches  to  30  feet. 

In  Lower  Austna,  Moravia,  Bohemia,  and  Bavaria  graphite 
occurs  in  gneiss  usually  accompanied  by  granular  limestone. 
The  Faasau  gmphite  is  in  small  black  scales,  and  appears  to 
take  the  place  of  some  of  tbe  mica  in  a  highly  felspatbic  gneiss; 
the  thickness  of  the  beds  varies  greatly,  but  may  be  as  much  as 
16  feet  (5  m.). 

Oypaum. — As  one  of  the  principal  uses  of  gypsum  is  for 
making  plaster- of -paris,  we  naturally  turn  to  the  French  metro- 
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polis  for  an  example  of  the  mode  of  occurrence  of  this  mineral. 
The  gypsum  ia  found  in  beds  from  50  to  60  feet  thick,  which  are 
of  Upper  Eocene  age  (Fig.  350).  More  than  half  the  world's 
supply  is  obtained  from  France. 

In  England  and  elsewhere,  the  Triassic  rocks  have  long  been 
remarkable  for  containing  valuable  beds  of  gypsum,  and  they 
are  largely  worked  in  Derbyshire  and  Nottinghamshire.    Fig.  42 
represents  the  layers  of  nodules  in  a 
gypsum  mine  at  EingBton-on-Soar,  Via.  42. 

Nottinghamshire.  There  are  three 
beds  a  few  feet  apart  in  the  New 
Red  Marl.  The  bottom  bed  consists 
of  large  spheroidal  masses,  varying 
from  5  to  8  feet  in  thickness,  and 
5  to  10  feet  in  diameter;  above  it 
are  two  layers  of  "  balls"  and  nodules, 
more  or  less  continuous.  The  highly 
gypsiferous  marl,  locally  called 
"  fault,"  B,  between  the  big  balls 
A  A,  is  left,  so  as  to  form  pillars,  ■(»■• 

which  support  the  roof  of  the 
workings. 

Why>e  translucent  alabaster  for 
statuary  purposes  is  mined  at  Castellina  Marittima,  in  the 
province  of  Pisa,  Its  mode  of  occurrence  resembles  that  just 
described,  for  it  is  found  in  irregular  spheroidal  or  kidney- 
shaped  masses,  called  "ovuli"  by  the  workmen,  from  a  few 
inches  to  several  feet  in  diameter,  and  occasionally  weighing 
more  than  a  ton  each.  The  grey  marl  surrounding  the  nodules 
is  of  Pliocene  age.  The  alalwster  is  saccharoidal  and  very 
fine  grained. 

Ice. — By  some  persons  this  mineral  may  be  considered 
beneath  notice,  but  the  trade  in  ice  is  so  large  that  it  deserves 
at  least  a  passing  mention.  The  United  States  are  the  largest 
producers  of  natural  ice  in  the  world,  and  in  some  years 
12,000,000  tons  are  gathered  from  the  lakes  and  rivers,  and 
especially  from  the  Hudson.  The  gathering  in  of  the  ice>crop 
affords  employment  to  12,000  men  and  boys,  1,000  horses,  and 
100  steam  engines.  Much  ice  is  exported  from  Boston;  and 
Norway  also  is  a  country  with  a  large  ice  trade, 

Iron. — This  metal  is  very  widely  distributed  over  the  globe, 
and  affords  examples  of  many  modes  of  occurrence,  though  veins 
of  iron  ore  are  quite  driven  into  the  background  by  the  yield  of 
beds,  and  especially  those  of  the  Jurassic  age. 

The  most  productive  deposits  at  the  present  time  are  the 
beds  of  specular  iron  ore  and  brown  hiematite  at  Lake  Superior, 
the  bed  of  brown  hematite  in  German  and  French  Lorraine 
and  Luxemburg,  the  bed  of  iron  ore  in  the  Cleveland  district. 
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the  masses  of  hsematite  in  Cumberland  and  North  Lancashire, 
the  beds  of  red  and  brown  hsematite  near  Bilbao,  in  Northern 
Spain,  and  the  beds  of  magnetite  in  Sweden. 

The  bed  of  ironstone  worked  in  the  Cleveland  district  of  North 
Yorkshire  is  found  in  the  Middle  Lias.  Mr.  Kendall  gives  the 
following  general  section  of  the  rocks : — 


Description. 


Upper 
Lias 


^ Shale    with    cement    stone 
nodules  (alom  shale  series) 


Middle 
Lias 


Shale  with  doggers*  (jet  rock 

series)         .... 
Grej  shale  with  doggers 
Ironstone  (Main  seam)  . 
Shale  with  doggers 
Ironstone  (bottom  seam) 
Shale  with  nodales  of  clay 

ironstone    .        .        .        . 
Ironstone  in  thin  bands 
Shale       with       fermginoas 

doggers      .        .        .        . 
Sandstone,  sometimes  flaggy, 

calcareous, and  ferruginous 


Lower   f^l*^^®    ^^^^    numerous   thin 

J.       i     limestones  in   the   lowest 

I    300  feet      .        .        .        . 


Thlck- 

nesB. 

ft 

In. 

"5 

0 

48 

0 

30 

0 

II 

6 

10 

6 

2 

9 

20 

0 

I 

9 

30 

0 

40 

0 

700 

0 

Characteristic  Ammonite. 


A.  communis 

A.  serpentinus 
A.  annulatns 

I  A.  spinatus 


A.  margaritatns 


A.  capricomus,  Ja- 
meson!, armatus, 
ozynotus,  Buck- 
landi,  angulatus, 
and  planorbis 


Fig.  43  illustrates  sections  of  the  bed  at  Eston  and  Upleatham. 

The  Main  Seam  practically  furnishes  all  the  Cleveland  ore. 
It  probably  extends  over  an  area  of  350  square  miles,  though  it 
cannot  be  profitably  worked  over  anything  like  the  whole  of  this 
district.  The  average  thickness  where  worked  is  about  10  feet. 
The  beds  dip  very  gently  about  i  in  15,  to  the  south-east.  The 
seam  is  thickest  and  best  at  Normanby ,  Eston,  and  Upleatham ; 
in  proceeding  to  the  south-east,  partings  of  shale  appear,  and 
split  up  the  main  seam  into  numerous  comparatively  thin  layers 
of  ironstone,  with  a  smaller  percentage  of  metal.  Some  of  the 
ironstone  is  oolitic  and  of  a  greenish  grey  colour,  but  much  of  it 
is  not  oolitic,  and  is  bluish  grey  in  colour,  resembling  a  mud- 
stone.  The  iron  exists  chiefly  as  carbonate,  some  of  which, 
according  to  Dr.  Sorby,  was  deposited  mechanically,  whilst  the 
rest  was  formed  chemically  by  replacement  of  carbonate  of  lime. 
As  a  general  average,  it  may  be  said  that  the  ore  contains  30 
per  cent,  of  iron.  The  district  produced  5,668,296  tons  of  ore 
in  1903. 

*  Doggers  are  nodules  of  ironstone. 
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The  masBes  of  red  hsematite  worked  in  CumberiaDd  and  North 
Lancashire  have  already  been  noticed  (Fig.  14). 

The  great  iron-field  of  Lorraine,  much  of  which  became  the 
property  of  Germany  in  1871  after  the  Franco-Prussian  war, 
stretches  out  from  Nancy  past  Metz  and  Diedenbofen  into 
Luxemburg.     It  may  be  called  60  miles  long  by  18  miles  wide. 

The  iron-bearing  strata  belong  to  the  Lower  Dogger  or  Brown 
Jura  (Inferior  Oolite),  and  consist  of  marly  Bandstone,  marl  and 
sandy  clay,  interstratified  with  beds  of  limestone  and  iron  ore. 

In  places  there  is  no  iron,  and  in  others,  especially  in  the 
south  and  on  the  eastern  edge,  the  beds  of  ore  are  thin.     On 


QreniAiUaanitMrvettununodvla 
Irotutmi  {lap  bioet)  in  alltmaU  hard  and  I 


/nnulo»(mafn  Ueet),  teortabU  parlt/lml  \ 


the  other  band,  at  Esch,  in  Luxemburg,  four  beds  of  iron  ore 
and  their  partings  of  limestone  and  sandstone  make  up  a  total 
thickness  of  65  feet  (10  m.),  and  at  Deutsch-Ocb  and  Oettingen 
three  beds  and  the  partings  are  3a  feet  (10  m.J  thick;  then 
at  Hayingen  the  total  thickness  sinks  to  20  feet  (6  m.),  and  at 
Ara  there  is  only  one  bed  S  to  6  feet  thick.  The  strata  are 
slightly  undulating,  but  the  general  dip  is  i  to  z^  in  a  hundred 
to  the  south-west.  The  iron  exists  in  the  state  of  hydrated 
oxide,  probably  for  the  most  part  as  aFejO,,  sH^O,  which  con- 
stitutes the  roe-like  grains  which  are  so  characteristic  of  the  ore. 
The  oolitic  particles  are  enclosed  in  a  calcareous  matrix,  which 
may  contain  quartz.  The  matrix  is  always  more  or  less  ferru- 
ginous, and  sometimes  consists  of  a  greenish  mineral,  which  is 
probably  a  silicate  of  iron.  The  ore  has  usually  36  per  cent,  of 
iron  and  vj  per  cent,  of  phosphoric  acid  ;  there  is  also  a  little 
sulphur,  due  to  occasional  small  strings  of  iron  pyrites.  The 
name  "minette,"  or  "little,  unimportant  ore,"  was  given  many 
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years  ago  to  this  bed  in  contradistinction  to  the  "  mine "  or 
"  mineral  de  fer  fort,"  a  much  richer  ore  found  in  the  neighbour- 
hood, which  is  now  no  longer  worked. 

At  the  present  time  the  blast-furnaces  of  France,  Germany, 
and  Luxemburg  are  mainly  dependent  upon  this  great  field  for 
their  supplies;  the  annual  output  of  ore  is  about  i8  million 
tons,  and  it  is  reckoned  that  the  reserves  amount  to  5000 
millions  of  tons. 

Sweden  is  justly  famous  for  its  great  deposits  of  magnetite, 
the  iron  content  averaging  50  to  60  per  cent.  These  are  gener- 
ally lenticular  beds  enveloped  by  highly  metamorphosed  rocks, 
such  as  gneiss,  mica  schist^  and  the  hard  compact  hdllejlinia  of 
Swedish  geologists. 

The  ore  is  mostly  magnetite,  often  containing  as  much  as 
10  per  cent,  of  manganese.  Phosphorus  is  usually  absent.  In 
some  cases  red  haematite  is  met  with  as  hard  and  massive 
specular  iron  ore  in  veins  in  quartzite  and  granite.  Of  the 
mines  producing  ore  containing  very  little  phosphorus,  typical 
examples  are  the  far-famed  Dannemora  Mines,  where  the  beds 
of  magnetite  form  a  huge  deposit  which  has  been  worked  since 
1 48 1  along  the  outcrop  for  a  distance  of  more  than  a  mile.  In 
the  middle  the  deposit  is  more  than  180  feet  in  thickness.  The 
open  workings  have  reached  a  depth  of  650  feet.  The  annual 
output  is  50,000  tons. 

Of  the  iron  ore  deposits  rich  in  phosphorus,  those  at  Grangesberg 
are  now  the  most  productive  in  central  Sweden.  These  deposits, 
which  include  both  specular  iron  ore  and  magnetite,  occur  in 
detached  lenticular  beds  in  granulite.  The  ore  exported  contains 
62  to  64  per  cent,  of  iron  and  0*9  to  1*5  per  cent,  of  phosphorus. 
The  remarkable  deposits  at  Gellivare  are  exceedingly  rich  and 
extensive,  but  owing  to  their  geographical  position  (lat.  67**  1 1'  N.) 
have  only  since  1892  became  of  economic  importance.  The 
deposits  consist  of  a  number  of  bedded  lenticular  masses  vary- 
ing in  size,  and  covering  an  area  3^  miles  in  length  and  i^  miles 
in  breadth.  They  occur  in  red  gneiss,  and  consist  essentially 
of  magnetite.  The  ores  contain  60  to  68*69  P^^  cent,  of  iron 
and  0*05  to  1*5  per  cent,  of  phosphorus.  On  the  way  to  Vic- 
toriahavn,  on  the  ice-free  west  coast  of  Norway,  the  railway  from 
Gellivare  passes  the  deposits  of  Kiirunavaara  and  Luossavaara, 
which  resemble  in  character  those  of  Gellivare.  Careful 
measurements  show  that  at  Kiirunavaara  the  amount  of  mag- 
netite above  the  level  of  the  Luossajarvi  Lake  is  215,000,000 
tons,  and  that  at  Luossavaara  18,000,000  tons.  The  amount 
below  the  level  of  the  lake  is  unknown.  The  ore  contains  60  to 
70  per  cent,  of  iron. 

The  Dunderland  deposits  on  the  coast  of  northern  Norway 
(lat.  66"  20'  N.)  consist  of  ferriferous  schists  with  layers  of 
specular  haematite  and  magnetite  in  varying  proportions.     The 
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width  of  the  ore  bodies  varieB  from  uaworkftUe  thinness  up  to 
JSO  yatdH. 

It  would  not  be  right  to  quit  the  subject  of  iron  ore  witliout 
mentioning  at  least  one  of  the  mines  situated  in  the  neighbour- 
hood of  Lake  Superior,  where  the  Marquette,  Menominee, 
Gogebic,  Yermiiion  and  Meaabi  ditttricts  are  producing  larger 
quantities  of  mineral  than  any  other  part  of  the  world. 

The  iron  ranges  are  situated  chiefly  in  the  States  of  Michigan 
and  Minnesota.  The  beds  occur  in  rocks  of  pre-Silurian  and 
probably  of  pre-Cambnaa  age.  The  ore  is  chieHy  specular  iron 
and  brown  hiematite  containing  63  per  cent,  of  iron,  0*04  per  cent. 

Fio.  44. 


of  phosphorus,  and  10  per  cent  of  moisture.  In  the  Meeabi 
range,  at  the  present  time  the  most  productive  district,  the  ore 
bed  rests  on  quartzite,  below  which  in  green  schist  or  granite, 
with  surface  drift  above  the  bed.  In  1902  the  total  output  of 
the  Lake  Superior  region  was  26,977,404  tons,  lialf  of  which 
was  obtained  from  the  Mesabi  range. 

At  Chapin  Mine,  near  the  town  of  Iron  Mountain  (Mich.), 
there  are  huge  lenticular  masses  of  hematite,  which  lie  parallel 
to  the  enclosing  Huronian  strata  (Fig.  44).  One  large  lens  is 
half  a  mile  long,  130  feet  wide  in  the  middle,  and  gradually 
tapering  out  to  a  point  at  each  end;  it  strikes  15°  N.  of  W., 
and  dips  from  70°  to  80'  N.,  and  the  axis  of  the  lens  pitches 
30°  W.  The  ore  contains  about  63  per  cent,  of  metallic  iron, 
and  only  0-07  per  cent,  of  phosphorus. 

Spain  is  exceptionally  rich  in  iron  ores,  which  are  for  the 
most  part  smelted  in  England.  The  principal  mines  are 
situated  in  the  Bilbao  disbicL  The  north  coast  of  Spain,  in 
the  province  of  Biscay,  is  composed  chiefly  of  rocks  of  Cretaceous 
age.     The  iron  ore  occurs  in  beds  that  follow  the  configuration 
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of  the  limestones  and  sandstones  in  which  they  lie.  The  area, 
within  which  the  beds  occur,  measures  15  miles  in  length  and 
2i  miles  in  width.  The  ore  raised  in  this  area  is  known  as 
Bilbao  ore,  and  is  mostly  shipped  at  various  places  on  the 
Bilbao  River.     Four  classes  of  ore  are  distinguished : — 

1.  Vena,  a  soft  purple  compact  and  often  powdery  red 
haematite. 

2.  Oampanilf  a  compact  and  crystalline  red  hsematite,  often 
accompanied  by  rhombohedra  of  carbonate  of  lime. 

3.  RuhiOj  a 'brown  haematite  usually  mixed  with  siliceous 
material;  and 

4.  Carbonaio,  a  grey  granular  and  siliceous  or  a  creamy- 
white  laminated  and  crystalline  spathic  iron  ore. 

Vena  is  the  purest  of  these  orei^,  and  was  in  former  times  the 
only  one  used  for  the  local  Catalan  forges.  Oampanil  on  account 
of  its  freedom  from  phosphorus  is  the  most  valuable  ore,  but  it 
is  now  nearly  exhausted.  Rubio,  on  the  other  hand,  is  the  ore 
that  is  met  with  in  largest  quantities.  It  is,  however,  often 
associated  with  iron  pyrites,  which  renders  careful  selection 
necessary.  Unlike  campanil,  it  is  usually  found  uncovered. 
Oarbonato  is  usually  found  below  the  other  ores,  and,  after 
calcination,  it  finds'a  ready  sale. 

Analyses  of  ore  from  the  Orconera  Company's  mines  show 
that  vena  contains  55*97  per  cent,  of  iron,  campanil  54*62  per 
cent.,  rubio  54*80  per  cent.,  grey  spathic  ore  43*70  per  cent., 
white  spathic  ore  45*73  per  cent.,  and  calcined  spathic  ore  62*85 
per  cent.  The  approximate  output  of  the  Bilbao  district  from 
the  commencement  of  modern  mining  operations  in  i860  to 
the  end  of  1902  has  been  about  115  million  tons. 

Lead.— Though  lead  ore  is  largely  wrought  from  veins,  one  of 
the  great  mines  in  the  world  obtains  its  supplies  from  a  bed. 
The  lead-bearing  sandstone  at  Mechernich,  in  Rhenish  Prussia, 
is  of  Triassic  age  (Bunter),  and  is  on  an  average  nearly  100  feet 
thick.  It  rests  upon  and  is  covered  by  conglomerate  (Fig.  45), 
and  is  often  split  up  into  two  or  more  beds  by  thick  partings  of 
conglomerate.  The  ore  exists  in  the  form  of  little  concretions  of 
galena  and  grains  of  quartz,  but  these  are  not  uniformly  distri- 
buted through  the  sandstone.  The  concretions  are  from  -^g  inch 
(i  mm.)  to  ^  inch  (3  mm.)  in  diameter,  and  are  harder  than  the 
surrounding  sandstone,  which  is  generally  very  friable.  When 
the  rock  is  pulverised  the  little  shot-like  masses  remain,  and  are 
called  **  knots  "  {Knotten),  whence  the  name  ^'  Knottensandstein  " 
given  to  the  bed.  The  amount  of  metallic  lead  in  the  sandstone 
is  between  2  and  3  per  cent. ;  but  the  concretions  themselves 
contain  from  20  to  24  per  cent.  According  to  the  statement  of 
accounts  presented  to  the  shareholders,  the  average  percentage 
of  lead  contained  in  the  whole  of  the  sandstone  treated  in  1890 
was  2*318  ;  347,706  cubic  metres  (454,806  cubic  yards)  of  sand- 
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stone  were  raised  from  the  mine  and  open  work,  and  yielded 
36,245  tons  of  lead  ore  for  smelting,  and  733  tons  of  potters' ore. 
This  would  be  at  the  rate  of  104  kil.  of  dressed  ore  per  cubic 
metre',  or  ij  cwt.  per  cubic  yard,  but  it  must  not  be  forgotten 
that  the  bulk  of  the  ore — i.e.  that  which  goes  to  the  furnaces — 
is  not  highly  concentrated,  and  contains  only  54  per  cent,  of 
metal.    The  proportion  of  silver  in  it  is  5I  ounces  (180  grammes) 

Via.  45. 


400yari9 


A,  greywacke;  B,  conglomerate;  C,  lead-bearing  sandstone; 
D,  conglomerate ;  E,  so-called  "  red  rocks/'  consisting  of  red, 
yellow,  and  white  sandstone,  with  variegated  shales  and  clay. 

■ 

per  metric  ton.     The  total  production  of.  lead  ore  in  Germany 
in  1902  was  167,855  tons. 

•  The  history  of  Leadville,  in  Colorado,  seems  like  a  romance 
when  we  read  of  the  rapid '  development  of  the  mines,  the 
creation  of  a  large  and  important  town,  the  erection  of  smelting 
works,  and  the  building  of  railways,  under  very  adverse  condi- 
tions, in  the  heart  of  the  Rocky  Mountains,  all  within  the  space 
of  four  or  five  years.  It  affords  additional  proof  that  the  miner 
is  the  true  pioneer  of  civilisation.  The  Leadville  deposits  have 
been  admirably  described  by  Mr.  S.  F.  Emmons,  from  whose 
exhaustive  report  not  only  the  following  facts,  but  also  a  section 
across  one  of  the  mines,  are  borrowed  (Fig.  46). 

The  principal  deposits  of  the  region  are  found  at  or  near  the 
junction  of  white  porphyry  with  the  underlying  Blue  Limestone, 
which  is  the  lowest  member  of  the  Carboniferous  formation. 
This  bed  is  about  150  or  200  feet  thick,  and  consists  of  dark- 
blue  dolomitic  limestone.  At  the  top  there  are  concretions  of 
black  chert.  The  porphyry  occurs  in  intrusive  sheets,  which 
generally  follo\7  the  bedding,  and  almost  invariably  a  white 
porphyry  is  found  overlying  the  Blue  Jjimestone.  This  porphyry 
is  of  Secondary  age.  It  is  a  white  homogeneous-looking  rock, 
composed  of  quartz  and  felspar  of  even  granular  texture,  in 
which  the  porphyritic  ingredients,  which  are  accidental  rather 
than  essential,  are  small  rectangular  crystals  of  white  felspar, 
occasional  double  pyramids  of  quartz,  and  hexagonal  plates  of 
biotite  or  black  mica.  Along  the  plane  of  contact  with  the 
porphyry  the  limestone  has  been  transformed,  by  a  process  of 
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gradual  replacement,  into  a  so-called  ''vein''  consisting  of 
argentiferous  galena,  cerussite,  and  kerargyiite,  mixed  with  the 
hydrous  oxides  of  iron  and  manganese,  chert,  granular  cavernous 
quartz,  clay,  heavy  spar,  and  ''Chinese  talc,''  a  silicate  and 
sulphate  of  alumina.  The  vein  seems  to  have  been  formed  by 
aqueous  solutions,  which  took  up  their  mineral  contents  from 
the  neighbouring  eruptive  rocks,  and  brought  about  the  altera- 
tion of  the  limestone  as  they  percolated  downwards  through  it. 
In  Carbonate  Hill  a  graduated  passage  may  be  observed  from 
dolomite  into  earthy  oxides  of  iron  and  manganese.  The  masses 
of  workable  ore  are  extremely  irregular  in  shape,  size,  and  dis- 
tribution. They  are  often  from  30  to  40  feet  thick  vertically, 
and  occasionally  80  feet,  but  only  over  a  small  area.  The  rich 
ore  bodies  are  commonest  in  the  upper  part  of  the  ore-bearing 
stratum.  At  Fryer  Hill  the  Blue  Limestone  is  almost  entirely 
replaced  by  vein  material.  The  metallic  ores  appear  to  have 
been  deposited  originally  as  svdphides ;  the  oxidised  or  chlori- 
dised  ores  found  near  the  surface  are  the  products  formed  by 
the  percolation  of  surface  water  like  any  ordinary  gozzan. 

Typical  examples  of  the  occurrence  of  lead  ore  are  afforded 
at  the  following  localities :  in  veins,  at  Foxdale  and  Laxey  in 
the  Isle  of  Man,  at  Linares  in  Spain,  Clausthal  in  the  Hartz; 
Monte  Vecchio  in  Sardinia,  Bleyberg  in  Belgium,  Frzibram  in 
Bohemia,  Fontgibaud  in  France,  Sentien  in  the  Fyrenees,  the 
Slokan  in  British  Columbia,  and  Zeehan  in  Tasmania ;  and  in 
masses,  at  Laurium  in  Greece,  at  Raibl  in  Carinthia,  in  the 
Cceur  d'AlSne  district  of  Idaho,  and  in  Missouri  and  other  parts 
of  the  United  States. 

Manganese.— The  principal  manganese-producing  country  is 
Russia;  then  follow  India,  Brazil,  and  Spain.  The  ore  is 
obtained  very  largely  from  beds,  but  considerable  supplies  are 
procured  from  masses,  often  concretionary  and  superficial,  or 
lying  in  cavities  in  limestone.  Near  Tchiaturi  in  the  Caucasus 
there  are  beds  of  manganese  ore  of  Miocene  age,  lying  almost 
horizontally  some  1000  feet  above  the  village,  which  lies  in  one 
of  the  deep  valleys  with  which  the  surrounding  lofty  tableland 
is  gashed.  The  bed  worked  is  from  6  to  7  feet  thick,  and  is 
made  up  of  several  small  seams  of  clean  manganese  ore  separated 
by  partings  of  soft  sandstone  and  clay.  The  manganese  exists 
principally  as  Mn02,  and  the  ore  contains  50  to  55  per  cent,  of 
metal. 

Both  in  Wales  and  Belgium  there  are  beds  of  manganese  ore 
in  the  Cambrian  rocks.  The  Welsh  beds  are  about  a  foot  thick 
(Fig.  47),  sometimes  running  up  to  18  inches  or  2  feet.  The 
manganese  is  principally  in  the  form  of  carbonate,  though  there 
is  a  little  silicate,  and  near  the  surface  these  have  been  con- 
verted into  hydrous  oxidea  The  ore  is  interbedded  with  fine- 
grained sandstone,  hard  mudstone,  and  shale,  also  manganif  erous. 
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and  often  containing  chlorite,  iron  pyrites,  and  magnetite ;  the 
whole  manganiferous  series  is  enclosed  in  the  regular  Cambrian 

grits     and     conglomerates. 
Fig.  47.  The  ore  contains  from  20  to 

32  per  cent,  manganese. 

Marble.  —  The  famous 
white  statuary  marble  of 
Italy  is  found  over  an  area 
of  80  square  miles  in  the 
Apuan  Alps  from  Carrara  to 
Stazzema,  on  the  SW.  slope 
of  the  mountains,  and  from 
Fivizzano  to  Yagli  Sotto  on 
the  NE.  slope.  It  occurs  in 
very  thick  beds,  with  the 
stratification  sometimes  well 
defined,  but  generally  com- 
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2hM«/   M        k       9       '         t^mf.         pletely  obliterated,  and  it 

rests    upon   compact  lime- 
stone, which  in  its  turn  lies 
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A.  fine-grained  sandstone  with  mag-  ^P/^.^,  pre-PalaBOZoic  mica- 
netite,  chlorite,  and  iron  pyrites ;  B,  schist  and  talc-schist.  The 
manganese  ore ;  C,  fine-grained  shaly  age  of  the  marble  beds  has 
sandstone.  not  been  ascertained  with- 

out doubt ;  most  geologists 
say  they  are  Triassic,  whilst  Jervis  calls  them  pre-PaJaeo- 
zoic.  The  quarries,  some  of  which  were  worked  by  the 
Romans  800  B.C.,  are  at  an  altitude  of  700  to  3000  feet 
above  sea-level. 

Mica.— This  mineral  is  obtained  in  North  Carolina  at  the 
present  time,  just  as  it  was  in  the  days  of  the  prehistoric  mound 
builders,  from  veins  of  giant  granite,  or  granite  in  which  the  con- 
stituent minerals  have  crystallised  on  a  huge  scale.  Accord- 
ing to  Phillips,  a  single  block  of  mica  has  weighed  nearly  a  ton, 
and  pieces  6  feet  long  and  3  feet  wide  are  sometimes  met  with  ; 
a  single  crystal  of  felspar  weighing  800  lb.  is  preserved  in  the 
State  Museum  at  Raleigh.  British  India  is  a  great  mica- 
producing  country ;  the  mineral  is  obtained  in  Bengal  and  in 
Madras  from  pegmatite  veins  lying  in  mica  schist.  The 
Brazilian  deposits  are  similar. 

Natural  Gas. — Though  the  Chinese  were  before  the  Americans 
in  their  use  of  natural  gas,  it  is  to  the  United  States  that  we 
must  look  for  examples  of  gas  springs,  which  have  been  so 
largely  turned  to  account  since  1885,  more  especially  in  Penn- 
sylvania, but  also  in  Indiana^  Ohio,  and  New  York. 

The  gas  in  these  States  comes  from  beds  of  Paleozoic  sand- 
stone and  limestone,  commonly  dolomitised.  Both  gas  and 
petroleum  are  generally  considered  to  have  been  formed  by  the 
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decomposition  of  animal  and  vegetable  remains  in  the  looka,  uud 
in  order  to  have  a  productive  gas  region,  it  ia  necessary  thut  there 
should  bo  a  porous  or  cavernous  rock  to  contain  the  gas,  and  an 
impermeable  covering,  such  aa  shale,  to  prevent  its  escape,  con- 
ditions resembling  those  required  for  artesian  wells.  A  further 
condition  is  that  the  strata  should  be  bent  into  a  dome,  anti- 

Fia.  48. 
FiNDLAv.  Ohio.     (Orton.) 


j^^    ,     (7.    Ohio  Bbale. 

lJevoiiian|g      Upper  Helderberg  limestone. 

{5.    Lower  Uelderberg  limesUme. 
f  Niagara  limestone. 
4^  i  Niagam  Bbale. 
I  Clinton  limestons. 
,   /  Hudson  RlTflr  shale. 
3'  \MedinaahBle. 
I.     Utica  shale. 
I.    TreotoD  llneatone. 

clinal  or  arch,  at  the  crown  of  which  the  gas  will  be  found  ;  but 
if  the  rocks  have  been  much  disturbed,  contorted,  and  fissured, 
natural  venta  have  been  formed,  through  which  the  gas  will 
have  escaped.  The  rocks  now  containing  the  gas  are  often 
thoee  in  which  it  was  generated. 

There  are  several  gas-producing  beds  of  sandstone  in  Penn- 
sylvania, in  the  Carboniferous  rocks ;  but  the  most  important 
supplies  are  obtained  from  sands  of  the  Venango- Butler  oil- 
group,  belonging  to  the  Catskill  Rocks  of  the  Devonian  period. 
There  are  other  gas-sands  in  the  Chemung  and  Portage  rocks, 
also  of  the  Devonian  period,  but  lower  down.  3ome  produce 
both  gas  and  oil 

The  most  productive  gas-bearing  rocks  in  Ohio  are  the  Berea 
grit  in  the  Sub-Carboniferous  period,  and  the  Trenton  Limestone 
in  the  Lower  Silurian  period.  The  latter  is  also  the  chief  reser- 
voir of  gas  in  Indiana. 

The  section  (Fig.  48)  shows  the  Silurian  and  Devonian  stfata 
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bent  into  an  arch  or  dome  at  Findlay,  Ohio,  where  gas  and 
petroleum  are  obtained  by  boring  into  the  Trenton  Limestone, 
the  reservoir  in  which  they  are  confined  by  the  Utica  Shale. 

The  gas  varies  in  compo- 
FiQ.  49.  sition,  not  only  from  well  to 

well,  but  also  from  time  to 
time  in  the  same  well. 
Some  analyses  given  by 
Prof.  Lesley  show  that  the 
gas  of  a  certain  well  con- 
tained upon  different  occa- 
sions from  50  to  75  per 
cent,  of  marsh  gas,  9  to  35 
per  cent,  of  hydrogen,  4 
to  12  per  cent,  of  ethylic 
hydride,  with  small  quantities  of  olefiant  gas,  oxygen,  carbonic 
oxide  and  carbonic  acid,  and  in  one  instance  as  much  as  23  per 

cent,  of  nitrogen,  though 
I^i<^*  50*  usually  this  gas  was  absent. 

The  pressure  of  the  escap- 
ing gas  is  often  very  great, 
and  in  one  case  reached 
450  lb.  per  square  inch. 

Natural  gas  has  been 
produced  on  a  commercial 
scale  at  Heathfield,  Sussex^ 
where  boreholes  have  been 
sunk  300  to  400  feet  through 
impervious  sandstone  and 
marl  with  successful  results. 
Nickel. — Until  recently  our  supplies  of  this  metal  were 
obtained  from  sulphides  and  sulpharsenides,  and  especially  from 

nickel-bearing    pyrrho- 
^^°-  S'«  tine.       The    discovery 

by  Crarnier  of  hydrated 
silicate  of  nickel  and 
magnesium  in  New 
Caledonia  revealed  the 
existence  of  an  unsus- 
pected source  of  wealth. 
The  nickel  is  found  in 
serpentine,  either  at 
the  contact  of  this  rock  with  "  pockets  "  of  red  clay,  or  near  such 
a  contact,  but  never  in  the  clay  itself. 

Figs.  49,  50,  and  5 1  are  examples  of  various  types  of  such 
deposits.  In  all  three  cases  A  is  the  pocket  of  red  clay,  and  S 
is  the  serpentine.  In  Fig.  49  the  nickel  ore  lies  between  the 
rock  and  the  clay.     In  Fig.  50  there  are  a  number  of  interlac- 
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ing  veine  io  the  serpentine  forming  &  network  deposit  which 
is  quarried,  whilst  in  the  case  represente<i  by  Fig.  5 1  the 
original  fisBureB  were  bigger,  but  less  nunterous,  and  are  now 
filled  up  with  nickel  ores  forming  veins  20  to  j6  feet  in  width. 
The  ferruginous  red  clay  often  contains  the  hydrated  oxides  of 
manganese  and  cobalt,  besides  chromic  iron  (Fig.  19).     Iiarge 

Fio.  52. 


a,  UaTonitD  Btrala ;  b,  epidiorite ;  e,  ore-bod; ;  >,  shaft ;  x  x,  borebolei. 

lumps  of  Hmontte  are  frequently  found  lying  upon  the  clay 
(Fig.  49)-  The  ore  exported  has  from  7  to  18  per  cent,  of 
nickel. 

Of  still  later  date  are  the  discoveries  of  nickel  ore  at  Budbury 
on  the  Canadian  Pacific  Railway,  about  40  miles  north  of 
Georgian  Bay.  Here  the  ore  is  a  nickel-bearing  pyrrhotine 
associated  with  chalcopyrite.  These  two  minerals  form  large 
ore  bodies  (Figs.  52  and  53,  borrowed  from  Collins),  in  or  near 

Fio.  53. 


a,  HuroniaDTocks;  &,  epidiorite;  e.  ore -mars ;  (.ahaft  on  diagonal  vein. 

a  belt  of  epidiorite  or  norite,  in  a  district  occupie<I  by  rocks 
belonging  to  the  Huronian  and  Laurentian  systems.  The  shape 
of  the  ore  bodies  is  veiy  irregular,  but  their  siie  is  great ;  some 
are  hundreds   of    feet  long,  by  a   hundred    or   more  feet  in 
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a,  6Qft  earth  ;  b/*  caliche  "  ;  e,  con 
glomerate ;  d,  sand  ;  e,  charge  of  gan 
powder ;  /,  tamping ;  g^  safety-fuse. 


breadth.     The  two  minerals  are  worked  and  treated  together} 
for  picking  by  hand  has  been  found  to  be  impracticable  on  a 
commercial  scale,  and  separation  by  the  ordinary  washing  pro- 
cess is  impossible,  owing  to 
FiQ.  54-  the  small  difference  between 

their  specific  gravities. 

Ore  of  good  average  quality 
contains  4  per  cent,  of  nickel. 
Nitrate  of  Soda. — ^The  ex- 
istence of  beds  of  nitrate  of 
soda,  cubic  nitre,  in  the  rain- 
less regions  on  the  West  Coast 
of  South  America  had  been 
^Pjf^^^  noticed  in  books  on  minera- 
^■■'  '  ''  logy  since  1821 ;  but  it  was 
not  till  this  mineral  was  found 
to  be  a  valuable  fertiliser 
that  steps  were  taken  to  work 
it  on  a  large  scale, 
^e  raw  nitrate  of  soda  {caliche)  is  found  in  beds  from  6 
*  inches  to  6  feet  thick,  beneath  a  covering  of  hard  conglomerate 
{costra)  from  3  to  10  feet  thick,  as  shown  in  Fig.  54.  It  is 
supposed  that  it  has  been  formed  by  the  action  of  animal  and 
vegetable  matter  upon  salt  left  by  the  evaporation  of  sea-water, 
and  this  theory  is  supported  by  the  fact  that  guano  and  the 
remains  of  birds  and  fish  are  found  close  to  the  caliche,  and  also 
by  the  presence  of  iodine,  an  element  pertaining  to  the  sea,  in 
the  form  of  iodides  and  iodates. 

Another  theory,  that  of  Dr.  Oarl  Ochsenius,  is  that  salt  lakes 
were  formed  by  the  elevation  of  a  barrier  which  shut  out  the 
sea,  that  these  gradually  evaporated,  that  carbonic  acid  due  to 
volcanic  agencies  converted  some  of  the  chloride  of  sodium  into 
carbonate,  and  that  finally  guano  dust,  wafted  by  the  prevailing 
breeze  from  guano  islands  near  the  coast,  brought  nitrogenous 
matter,  which  eventually  became  oxidised  and  converted  the 
carbonate  into  nitrate. 

An  analysis  of  caliche  given  by  Mr.  Harvey  is  as  follows : — 

Per  cent. 

Nitrate  of  soda 51 

Common  salt 26 

Sulphate  of  soda 6 

Sulphate  of  magnesia         ....        3 
Insoluble  matter 14 


100 


This  sample  is  richer  than  the  average ;  for  the  best  caliche 
contains  about  40  to  50  per  cent.,  middle  30  to  40,  and  poor 
caliche  1 7  to  30  per  cent,  of  nitrate.  The  production  of  Chilian 
nitrate  in  1903  amounted  to  1,614,000  tons. 
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Ozokerita. — The  moat  productive  osokerite  mioea  are  found 
at  Boryslaw,  near  Drohobycz,  in  Galicia.     The  mineral  occurs 


in  an  oral  area  some  1,500  yards  long  and  a  quarter  of  a  mile 
mde  at  the  broadest  part,  with  the  loBg  axis,  AB,  running  in  a 
NW.  and  SE.  direction,  or  parallel  to  the  trend  of  the  Car- 
pathians (Fig.  55).  The  surrounding  rocks  are  beds  of  sand- 
atone  and  shale  of  Miocene  age,  bent  into  a  dome  like  a  dish- 
cover,  whilst  the  productive  area  itself  consiate  of  the  same 
Btrata  traversed  by  a  main  set  of  fractures  in  the  direction  AB 
(Fig.    55),   and    numerous   crosa-fractures.      In   this    mass   of 

Fio.  56. 


shattered,  crushed,  and  faulted  rock  the  ozokerite  has  been 
deposited ;  it  fills  every  crack  and  crevice  into  which  it  could 
penetrate,  sometimes  crossing  the  stratification  and  sometimes 
following  the  planes  of  bedding  for  some  distance,  and  then 
breaking  across  in  an  irregular  manner  (AB,  Fig,  57)-  The 
veins  vary  in  thickness  from  a  mere  knife-edge  to  several  feet. 

Fig.  56  is  a  diagrammatic  section  along  the  line  CD  (Fig.  55), 
and  is  intended  to  convey  some  idea  of  the  jumble  of  rocks 
between  E  and  F,  the  centre  part  from  G  to  H  being  specially 
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cracked,  squeezed,  and  faulted.  The  richest  mines  are  those 
Hunk  in  the  deeply-shaded  part  of  the  plan,  corresponding  to 
GU  of  the  section.  Fetroleum  is  found  in  the  rocks  within  the 
ozokerite  area  and  also  in  those  surrounding  it  for  a  certain 
distance,  but  there  is  less  on  the 
^'"^  57-  north  side  than  on  the  south. 

P«troleum.  —  The    conditions 

under  which  rock-oil  is  found  in 

the  earth's  crust   are  precisely 

the  same  as  those  described  in 

speaking  of  natural  gas,  viz 

porous  bed  for  storing  the  n 

eral,  an  impermeable  bed  for  i 

venting  its  escape,  and  very  oi 

an  anticlinal  arrangement  of  the 

^  strata,  though  this  is  of  less  im- 

"0^"  portance  than  in  the  case  of  gas. 

j^^^^^  I'l  ^    ^        I        i  ^^  The  three  great  oil  regions  of 

the  world  at  present  are  Baku, 

Baku  is  placed  first,  because  the 

1  Peninsula  on 


Burmah,  and  Fennsylvs 

existence  of  the  eternal  fires  of  the  Apsher 

the  Caspian  Sea  has  been  known  for  about  2500  years,  and 


FiQ.  58.— Section  acboss  Oil  Distbict  heab  Baku. 


-"•Tr, — «$(t«(aiKSjr->>--Z«ar«(-. 


^ 


nlo^^uplu  Llme- 

HoHion  at  «*ter- 

ProdiictlYB  hori- 

HortaoBoiwilM- 

beulDg          thalea 

lon  MinUlBing  in 

b™rii,g   und   and 

Tiriouily  coloured, 
covering    Ibe    oll- 

petroleum        wllh 

elajonderljIwUM 

l*.rlng      horUon. 

■peclflc  graHly  of 

petralciun        wIlE 

which  conUlni  In 

O.S6S10O.87S- 

placu     petroIeuDi 
.llb.p.cfficgr.i'iljr 

•l»clSc  grmvlty  ol 

o.aS5tOo.^ 

or  o.s»  to  0.840. 

because  some  of  its  wells  have  surpassed  in  productiveness  any- 
thing met  with  elsewhere.  The  principal  wells  are  in  the 
Balakhany-Siibountchy  district,  some  eight  miles  north  of  Baku, 
and  at  Bibi-Eibat,  a  little  to  the  south.  The  rocks  are  of  Lower 
Miocene  age,  and  consist  of  sand,  calcareous  clays,  marls,  and  in 
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places  compact  sandstone.  The  section  (Fig.  58)  after  Konchin 
shows  the  wells  on  the  crown  of  a  low  anticlinal.  The 
petroleum  is  found  in  three  well-defined  beds  of  sand ;  these 
sands  are  in  a  semi-fluid  condition,  and  contain  salt  water 
in  addition  to  petroleum  and  carburetted  hydrogen  gas.  Some- 
times the  pressure  of  the  gas  amounts  to  300  lbs.  per  square 
inch. 

At  some  of  the  wells  it  is  necessary  to  pump  up  the  petroleum, 
but  at  others  it  rises  naturally,  and  occasionally  with  great  force 
and  in  immense  quantities.     In  fact,  Tagieff's  spouter  in  1 886 
actually  threw  up^  on  the 
eighth    day   after    oil    had  ^^'  59- 

been  struck,  the  immense 
quantity  of  11,000  tons,  or 
2f  millions  of  gallons,  in 
twenty-four  hours.  The 
flow  then  diminished,  was 
mastered  by  the  engineers, 
and  reduced  to  a  quarter  of 
a  million  gallons  a  day.  Fig. 
59,  from  a  photograph,  re- 
presents a  spouting  well  at 
Baku. 

The  principal  oil-fields  of 
Burmah  are  situated  near 
the  villages  of  Twingoung 
and  Beme,  about  a  mile  and 
a  half  east  of  Yenangyaung 
on  the  Irrawaddy,  and  130 
miles  south  of  Mandalay. 
The  rocks  belong  to  the 
Tertiary  period,  and  are  pro- 
bably of  Miocene  age,  the  pre- 
vailing strata  being  clayey 
sands  and  soft  sandstone.  The  petroleum  is  found  in  beds  of 
soft  sandstone,  which,  together  with  partings  of  blue  clay,  have 
been  proved  to  be  200  feet  thick,  and  are  probably  very  much 
more.  The  sandstone  is  soaked  with  petroleum,  which  oozes 
gradually  into  the  wells,  but  certain  layers  are  richer  in 
petroleum  than  others.  The  lower  strata  of  the  formation  are 
more  productive  than  the  upper  ones.  The  oil-bearing  rocks 
are  overlain  by  thick  beds  of  blue  clay  which  prevent  the 
petroleum  from  rising.  The  greatest  depth  reached  by  a  Bur- 
mese well  is  310  feet.  Noetling  thinks  that  the  oil  was  pro- 
duced in  the  sandstone  formation  in  which  it  is  now  found, 
though  perhaps  not  in  the  uppermost  beds. 

At  present  there  are  no  flowing  wells,  but  these  might  be 
obtained  if  the  oil-bearing  strata  were  tapped   at  a  greater 
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depth,  for  then  the  gas  which  accompanies  the  petroleum 
would  be  under  greater  pressure.  Where  beds  lie  as  shallow 
as  they  do  at  the  existing  workings,  the  gas  has  already  drained 
off  to  a  great  extent  through  cracks  in  the  strata.  The  highest 
daily  yield  of  a  single  well  was  500  viss*  but  many  of  what 
can  be  called  fairly  rich  wells  produced  upwards  of  100  viss  a 
day.  The  yield  decreases  rapidly  during  the  first  two  years  to 
the  extent  of  at  least  25  per  cent.,  and  after  ten  or  fifteen 
years  a  well  does  npt  produce  more  than  5  per  cent,  of  what 
it  did  at  first.  The  total  daily  production  of  the  two  fields 
ranges  from  15,000  to  20,000  visa  per  day. 

The  year  1859  marks  the  first  discovery,  by  Captain  Edwin 
L.  Drake,  of  petroleum  on  a  commercial  scale  in  the  United 
States,  though  the  oil  had  been  known  as  long  ago  as  1627. 

The  strata  which  yielded  oil  in  Pennsylvania  and  New  York 
belong  to  the  Devonian  and  Carboniferous  periods.  They  are 
beds  of  sand  and .  sandstone,  sometimes  coarse-grained,  and  are 
the  same  as  those  producing  gas;  in  fact,  a  well  may  often 
produce  both  gas  and  petroleum,  or  gas  first  and  then  a  little 
oil.  In  Ohio  the  two  chief  sources  of  oil  are  the  Trenton 
Limestone  [Lower  Silurian]  and  the  Berea  Grit  near  the  base 
of  the  Carboniferous  rocks. 

Phosphate  of  Lime. — The  trade  in  this  fertiliser  is  very 
large,  and  fortunately  the  sources  of  supply  are  numerous. 
Deposits  of  phosphate  of  lime  are  found  in  rocks  of  all  ages, 
from  the  Laurentian  to  the  recent  period.  Among  these  may 
be  mentioned  specially  apatite  from  Canada,  and  various  kinds 
of  phosphate  from  the  Cretaceous  rocks  in  Europe,  from  South 
Carolina,  Florida,  and  the  West  Indies. 

The  Laurentian  rocks  are  the  home  of  the  apatite  in  Canada. 
The  principal  mines  are  in  the  county  of  Ottawa,  Quebec,  and 
the  mineral  occurs  mainly  in  pyroxenite,  sometimes  as  a  vein  of 
posterior  or  perhaps  contemporaneous  origin,  and  sometimes  as 
an  irregular  mass ;  the  veins  are  from  a  few  inches  to  8  or  10 
feet  wide. 

Though  worked  to  a  small  extent  in  Bedfordshire,  Bucking- 
hamshire, and  Cambridgeshire,  the  Cretaceous  rocks  have  of  late 
years  yielded  far  more  abundant  supplies  of  phosphate  in  France 
than  in  England.  In  the  mining  district  of  Arras,  deposits  of 
phosphate  of  lime  are  worked  in  three  horizons :  (i)  At  the  base 
of  the  Gault,  in  the  form  of  a  bed  of  nodules,  generally  about  2 
inches  thick,  and  sometimes  as  much  as  6  inches  thick  ;  (2)  above 
the  Gault,  in  the  form  of  beds  of  nodules,  6  inches  (15  cm,)  to 
3  feet  3  inches  (i  m.)  thick ;  (3)  in  the  state  of  sand,  in  more  or 
less  regular  pockets,  in  the  upper  beds  of  the  Chalk.  This  sandy 
phosphate  is  covered  by  a  bed  of  clay  with  flints,  above  which 

•  I  vits  =  3*0857  lbs. 
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comes  brick-earth  (Fig.  60).  The  sides  of  the  pockets  are  formed 
by  the  chalk  with  Micraster  cor-anguinumy  or  "  Santonien " ; 
whilst  the  fossils  in  the  pockets  belong  to  the   base  of   the 


Fig.  60. 


TbMFTKX 


A,  chalk  ;  B,  phosphatic  chalk ;  C,  sandy  phosphate  of  lime ; 
D,  clay  with  flints  ;  E,  brick-earth  ;  F,  soil. 

"  S6nonien,"  or  chalk  with  Belemnites  quadratus.     The  pockets 
are  generally  contiguous  to  each  other,  but  vary  a  good  deal 
in  depth  up  to  65  feet  (20  m.). 
The  phosphatic  deposit  is  a  very  Fio.  j6i. 

fine   yellowish   and   occasionally  _ 

white  sand,  which  under  the  micro-  jip_i,7SxS'—  --^i-E-—. '  -r^^r'-q:^^  q 
scope  is  found  to  consist  of  trans- 
parent concretionary  grains,  made  -^ 
up  of  concentric  layers ;  its  aver- 
age thickness  may  be  taken  at 
3  feet  4  inches  (i  m.).  The  chalk 
adjacent  to  the  pockets  is  often 
phosphatic.  M.  Merle  and  other 
geologists  think  that  the  phos- 
phate  is  derived  from  the  lixivia-       ^  ^^^^^  ^^^^  ^^^^^^ .  ^  ^ 

tion    m   mu   ot    the   chalk  with    of  phosphatic  nodules;  C,  ferru- 
belemnites  by  rain  water  contain-    ginous  sand ;  D,  clayey  sand, 
ing  carbonic  acid. 

The  famous  beds  of  South  Carolina,  besides  satisfying  to  a 
great  extent  the  wants  of  the  United  States,  are  able  to  supply 
large  quantities  of  the  fertiliser  to  other  countries.  They  were 
discovered  in  1867,  and,  owing  to  the  facility  with  which  they 
can  be  worked  and  their  proximity  to  a  seaport,  the  trade  has 
increased  very  rapidly.  The  mineral  occurs  in  the  form  of 
nodules,  from  the  size-  of  a  pea  to  that  of  a  man's  head,  in  a 
bed  from  a  few  inches  to  2^  feet  thick,  the  average  thickness 
being  7  to  9  inches  (Fig.  61).     With  the  nodules  are  found 
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bones  of  fish  and  especially  teeth  of  great  sharks,  together  with 
teeth  of  the  horse  and  other  land  animals.  The  deposit  is 
considered  to  be  of  Post-Pliocene  age. 

The  valuable  deposits  of  phosphate  in  Florida  were  not 
worked  until  1887.  There  are  four  different  kinds  of  the 
fertiliser — (i)  "hard  rock"  phosphate,  (2)  "soft"  phosphate, 
(3)  "land  pebble"  phosphate,  and  (4)  "river  pebble"  phos- 
phate. 

The  "  hard  rock  "  is  a  hard,  massive,  light  grey  phosphate  of 
lime,  with  cavities  lined  with  secondary  mammillary  incrusta- 
tions of  the  mineral.  It  has  been  produced  by  the  alteration 
of  Eocene  and  Miocene  limestone,  and  yields  about  36  or  37 
per  cent,  of  phosphoric  anhydride. 

The  "soft"  phosphate  includes  material  resulting  from  the 
disintegration  of  the  hard  phosphate,  and  also  highly  phosphatic 
sands  and  clays,  rarely  averaging  more  than  22  per  cent,  of 
phosphoric  anhydride. 

The  "  land  pebble  "  phosphate  is  made  up  of  pebbles  of  various 
sizes,  up  to  that  of  a  walnut.  They  consist  of  an  earthy  material 
carrying  pisolitic  grains  of  phosphate  of  lime,  or  of  a  substance 
resembling  the  hard  rock  phosphate.  The  percentage  of  phos- 
phoric anhydride  is  about  32. 

The  "river  pebble"  phosphate  is  found  in  the  beds  of  the 
present  rivers,  and  also  in  their  ancient  channels.  The  pebbles 
are  blue,  black,  and  grey  in  colour,  and  contain  the  bones  and 
teeth  of  various  animals.  They  yield  from  20  to  28  per  cent, 
of  phosphoric  anhydride. 

The  phosphate  of  lime  worked  at  Aruba  and  Sombrero,  in 
the  West  Indies,  was  originally  a  coral  limestone ;  its  conver- 
sion into  phosphate  has  been  elTected  by  the  percolation  of 
water  containing  phosphoric  acid  derived  from  the  dung  of  sea- 
fowl.  This  interesting  fact  is  made  very  plain  by  finding  corals 
themselves  changed  into  phosphate  of  lime.  In  the  island  of 
Redonda,  owing  to  a  difference  in  the  rocks  acted  on  by  the 
drainage  from  the  excrement,  the  mineral  met  with  is  phos- 
phate of  alumina. 

The  growing  importance  of  the  phosphate  industry  of  Northern 
Africa  is  remarkable.  At  Gafsa,  where  most  of  the  Tunisian 
phosphate  is  obtained,  the  mineral  was  not  discovered  until 
1885.  Since  the  concession  for  working  it  was  granted  in  1896, 
the  French  have  constructed  a  railway  28^  miles  long  from  the 
oasis  of  Gafsa  to  the  mines,  as  well  as  one  15^  miles  from  the 
port  of  Sfax  to  the  mine.  The  phosphate  beds  occur  in  rocks 
of  Lower  Eocene  age.  The  principal  bed  now  being  worked  is 
13  feet  thick,  and  contains  59  to  61  per  cent,  of  tribasic 
phosphate  of  lime,  and  is  therefore  extremely  rich.  This  phos- 
phate placed  on  the  trucks  at  the  mines  does  not  cost  more  than 
4s.  a  ton.     The  production  of  phosphates  in  Tunis  continues  to 


OCCURRENCE  OF  MINERALS.  69 

increase.  In  1899  the  output  was  63,209  tons,  whilst  in  1903 
it  was  352,088  tons. 

The  origin  of  phosphates  has  been  much  debated.  The 
general  opinion  is  that  there  are  three  classes  of  mineral  phos- 
phates, the  first  being  the  apatite  found  in  the  older  crystalline 
rocks,  which  are  regarded  as  of  primordial  origin ;  the  second 
are  represented  by  the  phosphorites  of  Estremadura,  which  are 
essentially  deposits  from  mineral  waters;  whilst  the  third  or 
concretionary  phosphates  are  of  animal  origin,  as  is  shown  by 
the  presence  of  organic  remains  and  of  nitrogenous  organic 
matter  and  nitrates.  Mr.  J.  J.  H.  Teall,  who  has  devoted 
much  attention  to  the  natural  history  of  phosphatic  deposits,  is 
of  opinion  that  calcium  phosphate  may  be  formed  by  the  accu- 
mulation of  animal  remains,  by  the  replacement  of  carbonic  acid 
by  phosphoric  acid  through  the  action  of  solution  arising  from 
the  leaching  of  guano  or  the  decomposition  of  animal  matter, 
by  direct  deposition  from  solutions  of  calcium  phosphate,  and 
by  chemical  precipitation  due  to  the  interaction  of  solutions 
containing  ammonium  sulphate  and  calcium  bicarbonate. 

Potassium  Salts.— The  rich  stores  of  natural  potassium  salts, 
of  which  North  Germany  possesses  the  monopoly,  were  first 
utilised  in  1 86 1 ,  when  mining  operations  were  begun  at  Stass- 
furt.  The  production  increased  so  rapidly  that  in  1901  it 
amounted  to  3, 5 35*000  tons.  The  deposits  of  various  potassium 
salts  at  Stassfurt  belong  to  the  Bunter  Sandstone  formation  of 
the  Magdeburg- Halberstadt  basin,  and  workings  have  now  shown 
that  they  attain  a  thickness  of  very  nearly  3000  feet  (900 
metres). 

The  beds  may  be  divided  according  to  their  chemical  com- 
position into  four  regions,  which  in  descending  order  are  : — 

Approximate  Thickness. 
Feet        Metres. 
4.  CarnallUe  retjion, — Carnallite  is  the  double 

chloride   of   potassium    and    magnesium 

(KCl,  MgCl2+6HaO) 82  25 

3.  Kieierite    region, — Rock-salt    with    beds    of 

kieserite(MgS04  +  H20)    ....       183  56 

2.  PoLyhcdiie  region. — Rock-ftalt  with  strings  of 

polyhalite  (K2SO4,  MgSOi,  2CaS04  +  2H.jO)     197  60 

I.  Rock-salt. — An  exceedingly  thick  bed. 

As  is  shown  by  the  section  (Fig.  62),  the  edge  of  the  carnallite 
region  consists  of  kainite  (K„S04,  MgS04,  MgCl2  +  6H.p);  this 
is  considered  to  be  of  secondary  origin,  and  so  also  is  regarded 
the  sylvinite,  a  mixture  of  potassium  and  sodium  chlorides  with 
their  sulphates,  which  occurs  in  workable  quantities. 

Above  the  potassium  salts  is  a  bed  of  saliferous  clay  26  feet 
(8  m.)  thick,  and  then  290  feet  (90  m.)  of  anhydrite,  which 
forms  the  floor  of  the  Bunter  beds.     At  several  places  there  is 
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a  youDger  bed  of  rock-salt  from  130  to  400  feet  (40  to  uo  m.) 
thick. 

Rock-salt  and  boracite  are  worked  to  a  small  extent,  but  the 
potassium  salts,  especially  carnallite  and  kainite,  are  the  main 


a.  Older  rock-salt ;  b,  polyhalite  region  ;  c,  kieserile  regioD  ; 
rf,  carnaUito ;  e,  aaliferoDs  claj ;  /,  kainiCe  :  g,  aylvinite ;  A,  gyp- 
sum  and  anhydrite ;  i,  joaager  rock-salt ;  J,  (crpsom  ;  t,  k,  varie- 
gated marls  with  thin  beds  of  limestone  and  of  oolite  ;  ',  diluvium 
and  alluvium.     The  depths  marked  are  in  metres. 

objects  of  the  mining.  Altogether  some  sixteen  tlilTerent 
mineralH  occur. 

ftuickailver.— The  principal  quicksilver  producing  mines  at 
the  present  time  are  Almadea,  in  Spain,  New  Almaden,  in 
California,  Ekaterinoslav,  in  Russia,  and  Idria,  in  Carniola. 
There  are  also  several  other  mines  in  California,  and  workings 
of  some  importance  in  Italy,  at  Monte  Amiata,  in  Tuscany, 
where  cinnabar  occurs  in  masses  at  the  contact  of  trachyte  and 
Eocene  limestone.  Peru  was  at  one  time  remarkable  for  its 
quicksilver  deposits  at  Hiiancavelica,  but  these  are  now  worked 
only  OD  a  small  scale.  China  possesses  some  little-known  mines 
in  the  province  of  Kwei-chau. 

The  relative  importance  to  the  world  of  the  principal  deposits 
is  shown  by  the  following  table,  taken  from  Mr.  Becker's  mono- 
graph ;— 
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Product  op  the  pbincipal  districts,  in  Spanish  flasks  op 
75  Spanish  pounds,  or  34*507  kilogrammes. 


^S 

Year 

1564 
1525 
»57i 
1850 

Up  to 
1700. 

*i70oto 

1800. 

1800  to 
2850. 

1850  to 

1886. 

ToUlto 
Jan.  1886. 

Almaden  .     . 
Idria    .    .     . 
Huancavelica 
California 

517.684 
399.861 
881,867 

1,221,477 

608,743 
543.642 

1.091,075 

242,226 

75.604 

1. 135.576 
301.549 

1.429,346 

3,965.812 

1.552.379 
1,501,113 

1.429.346 

1,799,412 

1 

2,373.862 

1,408:905 

2,866,471 

8,448,650 

Mr.  Becker  has  brought  together  a  vast  array  of  useful  facts 
concerning  the  occurrence  of  quicksilver  in  his  valuable  mono- 
graph, which  may  be  very  briefly  summed  up  as  follows :— ^ 
Cinnabar  is  found  in  rocks  of  all  ages  and  of  all  descriptions, 
viz.,  conglomerate,  sandstone,  quartzite,  limestone,  shale,  slate, 
serpentine,  crystalline  schist,  and  basic  and  acid  volcanic  rocks, 
but  it  exhibits  a  preference  for  sandstone.  The  quicksilver 
deposits  are  found  along  lines  of  country  marked  by  past  or 
present  volcanic  disturbances.  This  fact  is  made  very  plain  by 
a  map  of  the  world  on  which  are  indicated  all  important  occur- 
rences of  the  metal. 

Some  cinnabar  has  certainly  been  precipitated  from  hot 
solutions  brought  up  by  volcanic  springs,  and  it  seems  likely 
that  many  of  the  quicksilver  deposits  have  been  formed  in  this 
manner. 

The  cinnabar  is  often  found  filling  up  interstitial  spaces  of 
the  rock,  and  if  the  rock  is  sedimentary  it  sometimes  cuts 
across  the  planes  of  stratification,  and  sometimes  runs  parallel 
to  them. 

The  famous  and  productive  Almaden  Mine,  which  has  been 
worked  since  1564,  is  situated  on  the  northern  slope  of  the 
Sierra  Morena,  where  the  rocks  coming  up  to  the  surface  are 
of  Silurian  and  Devonian  age.  These  rocks  are  beds  of  sand- 
stone and  quartzite  interstratified  with  slate  and  a  little  lime- 
stone. The  cinnabar  occurs  impregnating  the  sandstone;  the 
slate  is  rarely,  if  ever,  quicksilver-bearing.  There  are  three 
principal  deposits  extending  for  a  distance  of  200  to  220  yards 
(180  to  200  m.)  along  the  strike;  the  dip  is  almost  vertical. 
The  total  useful  thickness  of  the  three  beds  is  reckoned  to  be 
40  feet  (12  m.),  and  the  mercurial  rock  yields  on  an  average 
10  per  cent,  of  metal.  It  seems  probable  that  these  sandstone 
beds  were  impregnated  by  aqueous  solutions  which  came  up 
from  below.  They  may  be  called  veins  or  beds  according  to  the 
definition  one  chooses  to  adopt  for  a  vein.  No  doubt  the 
cinnabar   is   of   subsequent  origin  to   the   main   part  of  the 
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stratum ;  but  the  same  may  be  said  for  the  copper  in  the  con- 
glomerate beds  of  Lake  Superior,  and  possibly  for  the  gold  in 
the  ** banket"  of  South  Africa.  The  quicksilver  solutions 
deposited  their  metal  in  cavities  existing  between  the  particles 
composing  the  sandstone,  and  in  a  case  of  this  kind,  where  more 
than  90  per  cent,  of  the  deposit  is  matter  of  detrital  origin,  it 
is  most  convenient  to  speak  of  the  deposits  as  beds.  However, 
in  two  of  the  mercurial  strata  there  are  little  strings  and  seams, 
either  parallel  to  the  bedding  or  crossing  the  planes  of  stratifi- 
cation in  all  directions.  Looked  at  on  a  small  scale,  these 
strings  could  be  called  veins,  but  when  one  has  to  deal  with  the 
workable  stratum  as  a  whole  it  may  be  called  a  bed. 

At  Idria,  in  Carniola,  cinnabar,  which  has  been  mined  since 
1525,  occurs  in  the  Triassic  rocks  in  three  ways:  (i)  impreg- 
nating beds  of  shale,  conglomerate  and  dolomitic  breccia ;  (2) 
filling  up  cracks  like  ordinary  fissure  veins;  (3)  in  irregular 
veins  across  the  mass,  making  a  stockwork.  Lipoid  supposes 
that  it  was  introduced  by  watery  solutions  in  late  Tertiary 
times. 

The  very  productive  quicksilver  deposits  near  Nikitovka,  in 
the  province  of  Ekaterinoslav  in  Southern  Russia,  occur  in 
the  Carboniferous  strata  of  the  Donetz  basin  in  an  area  where 
its  chief  anticlinal  is  modified  by  some  minor  folds.  At  present 
the  workings  are  mainly  confined  to  three  of  the  minor  domes 
in  which  cinnabar  is  found  disseminated  through  porous  beds, 
such  as  open,  coarse-grained  sandstone,  or  in  the  cracks  of 
various  shattered  rocks,  or  in  veins  which  are  well-marked 
faults  mainly  filled  with  friction-breccia.  It  is  a  significant 
fact  that  enrichments  occur  in  the  neighbourhood  of  coal  or 
carbonaceous  matter.  The  cinnabar  is  associated  with  stibnite, 
stilbite,  and  pyrites.  The  principal  mine — the  Sophia — is 
exploiting  a  cinnabar-bearing  sandstone  which  lies  between 
another  bed  of  sandstone  of  a  more  compact  nature  and  a  bed 
of  shale.  Once  more  we  have  a  case  in  which  the  mercurial 
solutions  made  their  way  along  the  easiest  channels  they  could 
find.  The  cinnabar-contents  of  the  sandstone  average  i  per 
cent.,  and  in  general  vary  between  0*2  and  6  per  cent. 

The  quicksilver  deposits  of  California  are  found  in  various 
parts  of  the  State,  from  the  extreme  north  to  Los  Angeles. 
One  of  the  most  important  mines  is  New  Almaden,  situated 
about  fifty  miles  to  the  SE.  of  San  Francisco. 

In  California,  as  in  Austria,  the  deposits  of  cinnabar  are  of 
several  types,  even  at  one  and  the  same  mine.  Thus,  at  New 
Almaden  the  commonest  kind  of  ore-body  is  a  network  of  veins 
and  veinlets  through  the  rock,  in  fact  a  stockwork.  If  the  dis- 
turbance produced  a  clean  fissure  instead  of  a  multitude  of 
irregular  cracks,  then  the  single  rent  was  filled  up  and  produced 
what  some  would  call  a  typical  vein.     Lastly,  if  the  mercurial 
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BoIutioDB  traversed  beds  of  sandstone,  they  deposited  some  of 
their  contents  in  the  interstitial  spaces  between  the  grains,  and 
so  formed  an  ore-bearing  stiatum.  All  three  kinds  of  ore-bodies 
were  formed  bj  the  same  process  of  deposition,  the  difference, 
if  the  simile  may  be  used,  depending  upon  the  lodgings  that 
happened  to  be  vacant,  and  not  upon  the  lodger  who  came  to 
take  up  his  abode  there,  nor  upon  the  vehicle  that  brought  him 
to  his  new  home. 

The  ore-bodies  at  New  Almaden  occur  close  to  faults  filled 
with  clay  and  fragments  of  rock, 
more    or    less    rounded    by    the  Fio.  63. 

attrition  produced  by  movements 
of  the  "  country."  The  name 
given  to  these  faults  by  the 
miner  is  "  altas,''  a  Spanish  term 
referring  to  their  usual  position 
on  the  hanging  side  of  the 
deposit.  It  seems  as  if  the 
impermeable  clay  had  arrested 
and  directed  the  course  of  the 
ore-bearing  solution  as  it  ascended; 
this  is  highly  probable,  and  it  is 
an  explanation  which  has  been 
offered  in  many  cases  when  the 
ores  of  other  metals  have  been 
found  to  "  make  up  against  a 
slide." 

The  surrounding  rocks  at  New 
Almaden  are  metamorphosed  sedi- 
ments of  Mesozoic  age,  pseu- 
dodiorite  (T),  pseudodiabase  (?), 
phthanitea,  sandstone,  shale,  and 

serpentine.  The  minerals  accompanying  the  cinnabar  are 
iron  pyrites,  marcasite,  quartz,  calcite,  dolomite,  magnesite, 
and  rarely  cbalcopyrite. 

The  deposit  worked  at  Great  Western  Mine,  70  mites  north  of 
San  Francisco,  in  a  tabular  reticulated  mass  of  rock  (Fig.  63), 
Impregnated  with  cinnabar  and  a  little  native  quicksilver.  It 
lies  between  serpentine  and  a  very  slightly  altered  Mesozoic 
sandstone.  The  serpentine  is  accompanied  by  a  belt  of  black 
opaline  rock,  called  the  "  quicksilver  rock"  by  the  miners.  The 
longitudinal  section  (Fig.  64)  explains  that  the  ore-bodies  are 
separated  by  spaces  of  barren  ground,  just  as  they  are  in  an 
ordinary  lode. 

The  Sulphur  Bank  Mine  is  of  interest  because  the  solfataric 
action,  which  no  doubt  caused  the  deposition  of  the  cinnabar,  is 
still  going  on.  At  first  the  surface  was  worked  for  sulphur, 
which  had  been  formed  by  deposition  from  sulphuretted  hydrogen 
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escaping  through  basalt,  just  as  it  does  in  so  many  places  in  the 
other  volcanic  areas.  A  few  yards  below  the  surface,  the  sul- 
phur proved  to  be  cinnabar-bearing,  and  lower  down  cinnabar 
was  found  in  large  quantities. 

Cinnabar  has  mnce  been  worked  from  the  strata  underlying 
the  basalt.  There  are  beds  of  shale  and  sandstone  of 
Neocomian  (!)  age,  in  which  the  quicksilver  ore  is  found  as 
impregnations  and  irregular  seams.  The  ore  is  accompanied 
by  quartz,  opal,  iron  pyrites,  calcite,  bitumen,  and  marcasite. 
This  last  mineral  contains  small  quantities  of  gold  and  copper. 
Hot  springs  are  common  in  the  mine,  and  many  of  them  give 
off  gasea,  viz.,  carbon  dioxide,  sulphuretted  hydrogen,  marsh 
gas,  nitiYigen,  and  ammonia. 


Prom  a  scientific  point  of  view,  one  of  the  most  interesting 
mineral  deposits  in  the  United  States  is  certainly  that  of 
Steamboat  Springs  in  Nevada,  only  six  miles  from  the  Com- 
stock  lode.  A  number  of  hot  springs  exist  itlong  a  series  of 
fissures  about  a  mile  in  length ;  siliceous  sinter  is  being  deposited 
by  them,  and  there  are  also  mounds  of  sinter  formed  by  springs 
that  are  no  longer  flowing,  or  whcse  only  sign  of  activity  consists 
in  emanations  of  steam,  sulphuretted  hydrogen,  cai'bonic  anhy- 
dride, and  sulphurous  anhydride.  These  solfataric  gases  also 
escape  with  the  water  at  some  of  the  living  springs. 

The  sinter  is  found  on  analysis  to  contain  many  of  the  heavy 
metals,  viz.,  antimony,  arsenic,  cobalt,  copper,  gold,  iron,  lead, 
manganese,  mercury,  silver,  and  zinc,  some  of  them  certainly 
existing  in  the  form  of  sulphides. 

A  sample  of  the  water  taken  from  a  spring  with  a  tempera- 
ture varying  from  167  to  184°  Fahr,  {75  to  84'5°  C.)  was 
analysed ;  it  showed  weighable  quantities  of  arsenic  and  anti- 
mony, and  a  trace  of  mercury ;  as  it  cooled  it  could  be  seen  to 
deposit  the  sulphides  of  antimony  and  arsenic  together  with  silica. 
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In  one  part  of  the  district,  instead  of  sinter,  a  deposit  like 
that  at  Sulphur  Bank,  consisting  of  sulphur  and  cinnabar,  has 
been  formed  ;  and  it  has  been  worked  for  the  commercial 
extraction  of  mercury. 

Salt. — Salt  is  one  of  the  most  widely  distributed  of  minerals. 
Sea-water,  salt  lakes,  brine  springs  and  wells,  saliferous  marls 
and  rock-salt  are  the  sources  of  this  very  important  mineral. 

The  extraction  of  salt  from  sea-water  is  carried  on  in  Southern 
Europe  and  other  countries,  where  the  heat  of  the  sun  is  sufficient 
to  evaporate  the  water  which  has  been  led  into  shallow  ponds ; 
and  the  industry  is  fostered  in  many  cases  by  the  traffic  in  salt 
being  a  Government  monopoly. 

In  South  Africa  and  elsewhere  salt  is  obtained  from  ''  pans  " 
or  shallow  inland  lakes,  which  become  partially  dried  up  in  the 
hot  season. 

Natural  springs  yielding  brine  are  not  uncommon,  and  brine 
wells  are  dug  or  bored  so  as  to  reach  a  salt-bearing  stratum. 

At  Northwich,  in  Cheshire,  where  mining  has  been  carried 
on  since  1670,  there  are  two  main  beds  of  rock-salt,  each  from 
84  to  90  feet  thick,  separated  by  a  bed  of  hard  marl  30  to  33 
feet  thick.  All  these  beds  belong  to  the  Eeuper  division  of  the 
Triassic  rocks.  The  amount  of  rock-salt  mined  in  England  is 
small,  only  about  one-tenth  of  that  obtained  from  brine,  which 
is  pumped  from  flooded  mines,  and  from  wells  or  bore-holes 
penetrating  saliferous  strata. 

The  world-famed  salt  mines  at  Wielicza,  near  Cracow,  have 
been  worked  since  prehistoric  times.  The  bed  is  of  Lower 
Miocene  age.  During  the  past  century  the  space  excavated  for 
the  extraction  of  salt  amounts  to  3,000,000  cubic  feet.  The 
deepest  shaft  has  a  depth  of  985  feet.  At  Syracuse,  New  York, 
wells  are  sunk  not  into  the  salt  bed  itself,  but  into  an  ancient 
gravel  deposit  saturated  with  brine.  In  1901  the  world's  pro- 
duction of  salt  was  12,865,000  tons,  of  which  the  United  States 
produced  20' i  per  cent.,  Russia  15*1  per  cent.,  the  United 
Kingdom  14*9  per  cent.,  and  Germany  12- 1  per  cent. 

Silver. — All  galena  carries  some  silver,  and  in  very  many 
cases  there  is  enough  to  make  the  extraction  profitable.  In 
ancient  times  the  Laurium  silver-lead  mines  in  Greece,  which 
are  still  worked,  were  the  richest  source  of  silver.  Copper  ores 
also  are  frequently  argentiferous:  the  sUver  in  the  Mansfeld 
cupriferous  shale  has  already  been  mentioned,  and  the  ores 
of  the  Butte  district,  Montana,  are  often  rich  in  the  precious 
metal ;  it  is  needless,  however,  to  dwell  upon  this  and  similar 
sources  of  silver,  though  they  are  of  great  commercial  import- 
ance. Among  well-known  silver  mines  may  be  mentioned 
those  of  the  great  Comstock  Lode  in  Nevada,  the  Eureka  and 
Richmond  mines  in  the  same  State,  Huanchaca  in  Bolivia,  and 
Broken  Hill  in  New  South  Wales. 
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CoTiuttork  Lode. — This  remarkable  lode  strikes  about  north 
and  south  and  dtps  about  43°  to  the  east.  The  vein,  which  is 
usually  from  20  t«  60  feet  thick,  and  as  much  as  several  hundred 
feet  thick  in  some  places,  consists  in  the  main  of  crushed  and 
decomposed  portions  of  the  "  country  "  together  with  clay  and 

Pig.  65. 


SCALE  or  FEET 


H.  Ora. 

G.  Hamburg  LimeBtone. 
F.  Secret  Canon  Sliale. 
E.  StratiHed  Limestone. 
D,  Limestone. 


a  ShSe  (  '*«'■[»"'  Houn'"'"  Limestone. 

li.  Crushed  Limestone.      1 

A.  Prospect  Moantnin  Qnartzite. 

quartz.  The  surrounding  rocks  are  syenite  and  propylite,  accord- 
ing to  King,  or  diorite  and  diabase,  according  to  Becker,  while 
Hague  and  Iddings  assert  that  one  graduates  into  the  other,  and 
both  are  simply  the  coarsely  crystallised  core  of  the  surrounding 
mass  of  pyroxene -andeaite.  The  silver  is  found  native  and  in 
the  form  of  silver  glance,  polybasite.  stephanite,  and  occasionally 
pyrargyrite  ;  otiier  minerals  in  the  vein  are  quartji,  iron  pyrites, 
copper  pyrites,  besides  osides  of  iron  and  manganese,  sulphates 
of  calcium  and  magneHlum,and  carbonates  of  magnesium, calcium, 
lead,  and  copper.  The  ore  bodies  are  soft  and  irregular.  The 
heat  of  the  Comatock  lode  is  noteworthy.  In  the  2700  feet 
level  of  the  Yellow  Jacket  Mine,  Mr.  Becker  found  the  tempera- 
ture of  the  water  to  be  153°  Fahr.,  and  that  of  the  air  126° 
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Fahr.y  whilst  the  water  of  the  Yellow  Jacket  shaft  at  a  depth  of 
3065  feet  had  a  temperature  of  1 70""  Fahr. 

Eureka-Richmond. — The  nature  of  the  curious  lode  worked 
at  the  Eureka-Richmond  mines  will  be  best  understood  by 
reference  to  Fig.  65 ;  much  of  it  is  a  mass  of  crushed  limestone 
of  Cambrian  age  lying  between  two  faults,  a  main  one  dipping 
NE.  at  an  angle  of  70°,  and  a  secondary  one  which  is  much 
flatter. 

The  main  fault  is  a  fissure  filled  with  clay  or  with  decomposed 
rhyolite  and  clay,  varying  from  a  few  inches  to  15  feet  in  width. 
It  shifts  the  rocks  many  hundreds  of  feet,  and  at  Eureka  the 
throw  exceeds  1400  feet.  The  valuable  parts  of  the  lode  are 
ore-bodies  of  every  possible  shape  and  size,  some  measuring 
upwards  of  100  feet  in  all  directions.  Above  the  water  level,  or 
horizon  of  decomposition  by  atmospheric  agencies,  the  minerals 
constituting  the  ore-bodies  are  galena,  cerussite,  mimetite, 
wulfenite,  with  very  little  quartz  and  calcite,  the  remainder  of 
the  veinstuff  being  mainly  hydrated  oxide  of  iron  carrying 
silver  and  gold,  with  some  carbonate  and  silicate  of  zinc.  Below 
the  water  level  the  minerals  are  pyrites,  arsenical  pyrites, 
galena,  blende  and  a  few  other  sulphides,  besides  silver  and 
gold.  One  of  the  characteristics  of  the  ore  is  the  presence 
in  it  of  gold  in  paying  quantities.  It  is  considered  by  Mr. 
Curtis  that  an  eruption  of  rhyolite  caused  the  upheaval  which 
made  the  main  fault  in  Ruby  Hill ;  this  eruption  occurred  in 
the  Tertiary  period.  It  is  supposed  that  solfataric  action 
decomposed  some  massive  rock  and  so  formed  metalliferous 
solutions,  which  ascended  and,  penetrating  into  the  limestone, 
deposited  the  ore.  Some  of  the  ore  is  probably  pseudomorphous 
after  limestone.  The  average  contents  of  all  the  Richmond  ore 
worked  in  1879  were: — 

Lead        .        .        '33  per  cent. 
Silver      .        .  27^  oz.  per  ton  (2000  lb.). 

Gold  .        .      1*59  oz.      „  „ 

Iron         .  '24  per  cent,  corresponding  to  34 

per  cent,  of  ferric  oxide. 

HuancJiaca, — The  mines  of  Huanchaca  are  situated  near  the 
town  of  that  name  in  the  department  of  Potosi  in  Bolivia,  at  a 
great  altitude,  for  the  entrance  of  the  San  Leon  adit  is  13,500 
feet  above  the  level  of  the  sea.  The  silver  lodes  occur  in  a  soft 
decomposed  trachyte  ;  the  actual  silver-bearing  mineral  is  fahlerz, 
containing  about  10  per  cent,  of  the  precious  metal.  Fortunately 
for  the  shareholders,  the  percentage  of  silver  increases  with  the 
depth  of  the  mine.  The  accompanying  minerals  are  galena, 
blende,  iron  pyrites,  copper  pyrites,  with  heavy  spar  and  quartz, 
and  rarely  a  little  stibnite  and  pyrargyrite.  The  main  lode  runs 
about  east  and  west,  and  is  from  3  to  10  feet  in  width  (i  to  3 
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metsres);  it  has  three  particularly  rich  shoots  which  incline 
from  west  to  east.  From  1877  to  1888  the  production  of 
silver  amounted  to  ;;^  10,000,000.  In  1898  the  output  was 
4,632,000  oz.  At  the  famous  Potosi  mines  also,  the  silver 
occurs  in  a  fahlerz. 

Broken  Hill. — The  mines  at  Broken  Hill  are  remarkable  for 
their  enormous  output  of  silver  and  lead  during  the  last  few 
years.  They  are  situated  on  the  Silverton  or  Barrier  Ranges 
district  of  New  South  Wales,  near  the  western  boundary  of  the 
colony.  While  some  of  the  deposits  seem  to  be  ordinary  veins, 
the  Main  Broken  Hill  '^  Lode  "  (as  also  certain  minor  parallel 
deposits)  lies  on  the  whole  conformably  to  the  enclosing  gneisses 
and  garnetiferous  mica  and  talcose  schists,  following  the  axis  of 
an  anticline,  and  being  itself  rudely  arch-shaped ;  hence  it  may 
possibly  be  a  deformed  bed  or,  more  probably,-  according  to  E.  F. 
Fittman  and  J.  B.  Jaquet,  a  "  saddle-reef,"  perhaps  the  upper- 
most of  a  series.  The  walls  are  very  indefinite,  and  there  are 
local  transgressions  of  the  foliation  planes  (which  mostly  coincide 
with  the  original  bedding  of  the  country),  probably  owing  to 
irregular  replacement  by  ore.  At  and  near  the  surface,  the 
"  lode  "  consisted  of  dark  brown  hsBmatite,  often  blackened  by 
psilomelane,  together  with  ferruginous  carbonate  of  lead,  kaolin, 
and  the  chloride,  chloro-bromide,  and  iodide  of  silver;  besides 
these  there  were  pyromorphite,  atacamite,  cuprite,  malachite, 
and  chrysocoUa,  with  quartz,  quartzite,  and  garnet  rock.  Below 
this  upper  weathered  zone,  containing  minerals  usually  met  with 
in  gozzans,  come  the  sulphides,  especially  galena  and  zinc  blende, 
together  with  pyrites,  chalcopyrite,  and  mispickel.  Most  of  the 
galena  is  so  intimately  mixed  with  the  blende  as  to  render  its 
separation  by  any  ordinary  dressing  process  very  difficult,  if  not 
commercially  impossible.  Ores  of  this  class  contain  1 5  to  40  per 
cent,  of  lead,  15  to  30  per  cent,  of  zinc,  and  8  to  24  ounces  of 
silver  to  the  ton.  The  width  of  the  "lode''  is  from  15  to  316 
feet.  The  principal  mine,  owned  by  the  Broken  Hill  Proprie- 
tary Company,  has  now  an  output  of  more  than  half  a  million 
tons  of  ore  yearly;  in  the  twelve  months  ended  31st  May 
1904,  the  ore  yielded  5,196,816  ounces  of  silver  and  64,754  tons 
of  lead. 

Other  Silver  Veins, — Typical  examples  of  the  occurrence  of 
silver  ore  in  veins  are  afforded  by  the  following  localities : 
Freiberg  in  Saxony,  St.  Andreasberg  in  the  Hartz,  Przibram  in 
Bohemia,  Kongsberg  in  Norway ;  Chanarcillo  and  Carocoles  in 
Chili ;  Guanaxuato  and  Zacatecas  in  Mexico ;  Silver  Islet  in 
Lake  Superior  ;  Kootenay  and  the  Slocan  in  British  Columbia  ; 
and  Zeehan  and  Dundas  in  Tasmania. 

Silver-bearing  Sandstone. — Silver  has  been  found  in  workable 
quantities  in  certain  beds  of  sandstone,  interstratified  with  shale, 
considered  to  be  of  Triassic  age,  at  Stormont  in  Southern  Utah, 
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All  the  strata  contain  at  least  some  traces  of  silver,  but  three  or 
four  special  horizons  were  rich  enough  to  be  worked  ;  even  here 
the  precious  metal  was  distributed  irregularly,  and  mining  was 
confined  to  rich  *'  shoots "  or  chimneys,  which  sometimes  fol- 
lowed one  particular  stratum  of  the  general  ore-bearing  bed, 
and  sometimes  cut  across  it.  It  is  supposed  that  silver-bearing 
solutions  came  up  through  the  rock,  and  flowed  along  the  por- 
tions which  they  found  most  porous.  The  precipitation  of  the 
silver  was,  perhaps,  caused  by  the  presence  of  organic  matter. 
The  metal  exists  in  the  form  of  sulphide  and  chloride,  though 
there  is  a  little  native  silver.  These  minerals  are  disseminated 
through  the  sandstone,  and  occur  especially  along  the  planes  of 
bedding  and  of  fracture.  The  ore-beds  were  mined  for  a  thick- 
ness of  six,  eight,  or  even  ten  feet,  though  the  whole  of  the 
rock  was  not  always  worth  milling.  Much  of  the  ore  milled 
about  1879  contained  from  20  to  30  oz.  of  silver  per  ton,  and 
yielded  by  amalgamation  15  to  24  oz. 

Garfield  Mine,  near  Calico,  California,  owes  its  existence  to  a 
network  deposit  or  stockwork.  The  surrounding  rock  is  liparite 
or  rhyolite,  which  is  traversed  by  a  number  of  irregular  fissures. 
The  cracks  contain  kerargyrite  and  embolite,  with  chrysocoUa 
and  heavy  spar,  and  the  stockwork  may  be  decribed  as  a  breccia 
of  liparite  cemented  by  the  argentiferous  and  other  minerals. 

The  masses  in  which  silver  ore  is  met  with  are  very  irregular 
in  their  occurrence,  and  in  most  cases  they  do  not  continue  to 
be  productive  at  great  depths  or  for  long  distances.  Many  of 
the  enormous  silver  ore  deposits  of  the  United  States,  such  as 
those  at  Leadville  in  Colorado,  belong  to  this  category.  At 
Sala,  in  Sweden,  the  ore  occurs  in  irregular  masses  in  dolomite. 
These  mines  are  of  interest  on  account  of  their  antiquity,  and 
also  on  account  of  the  fact  that  they  were  worked  to  a  depth 
of  990  feet  without  blasting. 

Slate. — Wales  is  so  renowned  for  its  slate  that  the  example  of 
a  deposit  of  this  mineral  may  fairly  be  taken  from  the  Princi- 
pality. About  two-thirds  of  the  Welsh  slate  are  got  from  beds 
of  Cambrian  age  in  Carnarvonshire,  and  one-third  from  beds  in 
the  Lower  Silurian  (Ordovician)  rocks  in  Merionethshire.  The 
quarries  in  the  former  county  are  mostly  open,  whilst  in  the 
latter  the  local  conditions  have  led  to  the  adoption  of  true 
mining,  especially  at  Festiniog,  which  can  boast  of  the  most 
extensive  underground  workings  for  slate  in  the  world.  The 
northern  part  of  the  parish  of  Festiniog  is  occupied  by  the 
outcrop  of  a  thick  series  of  slaty  rocks  (K,  Fig.  66,  borrowed 
from  Jennings  and  Williams),  resting  upon  coarse  volcanic 
agglomerate,  H,  and  interstratified  with  thinner  beds  of  volcanic 
ash,  and  intersected  from  time  to  time  by  intrusive  dykes  of 
diabase,  locally  called  whinstone.  The  beds  have  a  general 
northerly  or  north-westerly  dip  of  20"  to  35°,  whilst  the  cleavage 
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planes  throughout  th«  district  dip  at  a  greater  angle  than  the 
bedding  by  about  15°,  and  very  nearly  in  the  same  direction. 

Owing  to  peculiarities  of  texture,  due  apparently  to  the  fine- 
ness of  the  sediment  deposited  upon  the  old  Bea-botCom,  certain 
beds  or  sete  of  beds  furnish  a  slate  which  can  be  split  into  very 
smooth  sheets,  as  thin  as  y^^  inch  and  even  less.  Any  set  of 
beds  worked  as  a  whole  h  known  locally  as  a  "  vein,"  but  it 
does  not  necessarily  furnish  saleable  roofing  material  for  its 
entire  thickness.  Sometimes  unprofitable  rock  is  taken  away 
above  the  good  slate  in  order  to  reach  a  firm  layer,  such  as  a  bed 
of  volcanic  ash,  or  a  "  whinstone  "  dyke,  which  can  be  trusted 

Fio.  66. 
Dolwen.  Foel.  Fod  Bjdd. 


A, granite;  B.Trem&docrocks;  C,  Garth  Grit ;  I),  Lower  Slate  ; 
E,  Arenie  rock*  >bov<-  the  ^rit ;  F,  Lower  Agglomerate ;  If".  Mii^dle 
Agglomerate ;  O',  Middle  Slate  ;  G,  Upper  Slate ;  H,  Upper 
Agglomerate  ;  K,  Llandello  slates. 

to  stand  as  the  roof  of  the  underground  chambers,  and  at  others 
the  fine-grained  slate  has  beds  of  coarser  sediment  interstratified 
with  it,  which  cause  irregularities  in  the  planes  of  cleavage,  and 
so  give  rise  to  inferior  products. 

The  "Old  Vein,"  famous  for  the  quality  of  its  slates,  is  120 
feet  (36sm.)  thick  at  the  Oakeley  quarries,  where  other  "veins'* 
of  less  importance  are  also  being  worked  (Fig.  67).  At  some  of 
the  other  quarries  of  the  district,  beds  of  slate  in  the  underlying 
rocks  of  the  Arenig  series  are  found  to  be  profitable,  such  as 
G'  in  Fig.  66,  and  t  in  Fig.  67, 

The  property  possessed  by  the  slate  of  rending  along  planes, 
cutting  across  both  dip  and  cleavage,  must  not  be  forgotten,  for 
upon  it  depend  both  the  getting  of  the  rock  and  the  direction 
given  to  the  supporting  pillars.  At  the  Oakeley  quarries  the 
"line  of  pillaiing,"  that  is  to  say,  the  direction  along  which  the 
cross-rending  or  rifting  takes  place  most  readily,  runs  about 
N.  7°  W.,  whereas  the  dip  is  N.  40'  W.  The  planes  along  which 
the  slate  rends,  or  "pillars,"  best  are  at  right  angles  to  the 
cleavage  planes,  not  quite  vertical,  but  dipping  at  a  high  angle 
to  the  east ;  the  consequence  is  that  the  eastern  side  of  an 
underground  chamber  at  these  quai-ries  overhangs  slightly. 

The  value  of  a  slate  bed,  or  "  vein,"  depends  greatly  upon 
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the  number  and  nature  of  the  natural  joints  by  vhich  it  is 
intersected.  If  they  are  very  numerous,  the  workinga  will 
yield  blocks  too  small  for  making  the  larger  and  higher  priced 
aizea  of  slates  ;  it  they  are  rare,  more  expense  will  be  incurred 
in  severing  the  material  from  its  bed.  Disturbances  of  the 
strata  resulting  in  fissures  filled  either  mechanically  with  clay 
and  broken  slate,  or  chemically  by  the  deposition  of  quartz, 
may  render  the  "  vein  "  utterly  worthless  in  places ;  but,  as  in 

ViQ.  6r. 
Section  of  thb  Oaks  ley  Qcabbies,  FBSTiNioa.* 


Ag',  Ag',  Ag,  volcanic  a^Iomerates ;  i,  state  vein  worked  at 
Wrysgan  and  New  Quarrj,  Diphwjs ;  2,  new  or  aouth  vein; 
3,  old  vein  ;  4,  3A  vein  ;  5,  black  vein  ;  6,  north  vein  ;  WD,  "  whin- 
stone  "  djkeit  (diabaae) ;  P,  porpbjrite ;  As,  volcanio  asfa. 

the  case  of  other  bedded  deposits,  changes  in  productiveness  are 
far  less  frequent  than  with  lodes. 

Sulphur.— The  industrial  sources  of  sulphur  are:  (i)deposit8 
of  native  sulphur,  and  (2)  iron  pyrites. 

Native  sulphur  occurs  as  a  product  of  volcanic  emanations, 
and  in  sedimentary  deposits. 

The  amount  of  sulphur  obtained  from  deposits  of  volcanic 
origin  is  small ;  but  this  mode  of  occurrence  is  of  geological 
interest,  because  we  can  observe  the  processes  of  accumulation 
in  actual  opetation,  whereas  usually  the  secrets  of  Nature's 
laboratory  are  hidden  from  us. 

Deposits  of  this  kind  are  generally  found  at  or  near  spent 
volcanic  craters,  the  emanation  of  sulphurous  gases  being  one 
of  their  last  signs  of  activity.  Sulphur  has  been  worked  on  a 
small  scale  at  the  famous  Solfatara  of  Poz7,uoli,  near  Naples,  at 
Tulcano,  one  of  the  Lipari  Islands,  and  in  volcanic  regions  in 
s  parts  of  the  world. 

'  Made  by  Hr.  J.  O.  Williams,  H.U.  Inspector  of  Mines. 
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In  Iceland  a  little  column  of  vapour  may  be  seen  issuing  from 
the  ground,  and  the  low  mound  around  it  consists  of  a  crust  of 
sulphur  covered  by  a  thin  coating  of  blown  sand.  The  gases 
coming  out  of  the  earth  contain  sulphuretted  hydrogen  in  addi- 
tion to  steam,  and  when  they  reach  the  surface  some  of  the 
former  is  oxidised,  and  sulphur  is  deposited  as  shown  in  Fig.  68 ; 
a  is  the  underlying  rock,  a  decomposed  lava,  b  clay,  e  the  native 
sulphur,  and  d  sand  blown  over  the  little  mound,  and  retained 

by    the    moisttire    due    to 
Fig.  68.  condensation  of  the  steam. 

Allusion  has  already  been 
made  to  Sulphur  Bank  and 
Steamboat  Springs,  in  refer- 
ence to  quicksilver. 

Seams  or  beds  of  sulphur 

occur   in    Sicily,    Calabria, 

VA  ^.^.•^£Mif*'fi»!*iysyjL^      J  the    Roma^na,  and    other 

.^^^^^^^^   i  P*rt8  of  Itely.  and  also  in 

^^o  Croatia,  Spain,  and  France. 


.r.n.-.vA-.X*'-*^ 


-••4?''  •  ^ '^;  •^Tl'^k7^  •  f -^  •  '        By  far  the  most  important 

/^•<^.'Qi^- ^•'/^/•\  o  "*-'•  '^     ^^^  are   those   of    Sicily, 

^/  /^  *^^^  *i  '.7 J \  °,^  °  which  produce  94  per  cent. 

•    e  t  °   *'  *      ^'  '  of   the    world's    supply    of 

sulphur. 
The  accompanying  section,  borrowed  from  Baldacci  (Fig.  69), 
shows  a  section  of  the  country  near  Caltagirone.  The  letter  a 
denotes  beds  of  clay  (Tortonian),  h  is  tripoli  (Sarmatian),  c  is  the 
bed  of  sulphur-bearing  limestone,  d  white  marl  or  marly  lime- 
stone with  foraminifera,  called  "  trubi "  in  Sicily ;  e,  blue  clay ; 
/,  calcareous  tufa.  The  beds  a,  6,  c  are  considered  to  belong  to 
the  Upper  Miocene,  whilst  d  is  placed  in  the  Lower  Pliocene, 
and  e  and  /  in  the  Upper  Pliocene. 


The  beds  of  tripoli  are  made  up  chiefly  of  the  siliceous  remains 
of  radiolaria,  diatomace«,  and  sponges,  together  with  marl. 

The  sulphur-bearing  bed  varies  from  a  hard  white  limestone 
to  a  grey  marly  limestone,  and  from  this  to  a  marl ;  the  sulphur 
itself  is  always  in  the  native  state,  forming  little  globules, 
laminae,  or  irregular  lenses,  varying  in  thickness  and  extent. 
It  is  often  crystallised,  and  associated  with  it  are  celestine, 
gypsum,  calcite,  and  airagonite;  in  the  clayey  beds  there  is 
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also  bitumen,  which  is  objectionable,  as  it  gives  a  dark  colour 
to  the  product  obtained  by  liquation. 

The  thickness  of  the  sulphur  seams  varies  within  very  wide 
limits.  Beds  20  feet  thick  are  common,  and  at  Lercara  the 
stratum  reaches  the  enormous  thickness  of  164  feet  (50  m.). 
Frequently  there  are  two  or  three  beds ;  at  the  great  Somatino 
Mine,  for  instance,  the  deposit  is  100  to  115  feet  (30  to  35  m.) 
thick,  divided  into  six  separate  seams,  from  6  to  25  feet 
(2  to  8  m.)  each,  by  partings  of  barren  rock. 

As  a  rule,  a  bed  less  than  5  feet  (1*50  m.)  in  thickness  is  not 
worth  working,  unless  it  is  exceptionally  rich  or  conveniently 
situated  for  working. 

The  yield  of  the  sulphur  rock  may  be  taken  on  an  average  at 
about  22  per  cent.,  though  occasional  rich  seams  give  as  much 
as  45  per  cent. 

The  seams  may  be  subdivided  according,  to  quality,  thus : — 

Amount  of  Sulphur. 
By  AnalTslB.        Actual  Yield  by  the  Kilns. 
Per  cent.  Per  cent. 

Very  rich        .  .    30  to  40  20  to  25 

Rich 25  ,,  30  15  „  20 

Foor 15  .»  25  10  „  IS 

The  Sicilian  deposits  are  considered  to  have  been  formed  by 
chemical  precipitation  from  aqueous  solutions  in  lakes. 

The  deposits  on  the  Italian  mainland  also  belong  to  the 
Miocene  period,  and  the  sulphur  beds  are  known  to  extend  for 
a  long  distance  on  the  east  of  the  Apennines.  Often  there  is  but 
one  seam  6  to  10  feet  (2  to  3  m.)  thick  ;  the  rock  is  poorer  than 
in  Sicily,  for  it  contains  only  18  to  20  per  cent.,  and  the  yield 
by  the  kiln  {ccUcarone)  does  not  exceed  12  per  cent,  on  an 
average. 

After  the  description  of  the  deposits  of  cupreous  pyrites  at 
Rio  Tinto,  it  is  quite  unnecessary  to  say  anything  further 
about  such  sources  of  sulphur.  Iron  pyrites  containing  no 
copper  is  sometimes  worked,  and  Cae  Coch  Mine,  in  Carnarvon- 
shire, affords  an  example  of  a  deposit  of  this  kind. 

Tin.— Tin  ore  is  obtained  from  veins,  beds,  and  a  variety  of 
irregular  deposits. 

It  is  natural  for  an  Englishman  to  take  his  illustrations  of 
veins  from  Cornwall.  Figs.  70  and  71  represent  two  veins  in 
the  parish  of  St.  Agnes. 

Many  of  the  veins  in  granite  are  due  to  the  alteration  of  the 
rock  in  the  neighbourhood  of  fissures,  as  has  been  already 
explained  (Fig.  3).  The  so-called  rarbonas  of  the  St.  Ives 
district  are  essentially  masses  of  stanniferous  schorl  rock, 
very  irregular  in  shape  and  connected  with  a  main  lode  by 
a  cross  joint  or  fissure.     They  seem  to  be  altered  granite. 
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Mulbei-ry  Mine,  near  Bodmin  (Fig.  i6),  haa  already  been 
cited  aa  an  instance  of  a  network  deposit  or  stockwork. 

At  Altenberg,  in  Saxony,  there  is  a  huge  mass  of  tin-bearing 
I'ock,  locally  known  as  "  Zwitter  "  or  "  Zwittergestein."  B.  von 
Cotta  in  1886  showed  by  analyses  that  it  is  merely  granite, 
which  has  lost  about  3  per  cent,  of  ailica  and  2  per  cent.  oC 
potash,  and  has  taken  up  about  4  per  cent,  of  ferrous  ozide  and 
^  per  cent,  of  oxide  of  tin.  It  has  been  worked  for  tin  during 
a  period  of  several  centuries. 

Fig.  70.  Fio.  71. 
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A,  aUte  {kUlai) ;  B,  Mprf— that  is  to  n»„'mu  ""     '"  '  '  '     ■     '^ 

tnj,  slate   altered   into  a  hard  dark.  ••  n  ■  ■>  •                ■■. 

coloured  mass  of  quartz  and   schorl,  AA,   elate  (kiUai) ;    BB,  eapet 

witli  short  lenticular  veins  of  qnartz.  aa  above;   CC,  Email   leader  or 

and  traversed  by  little  elrings  ot  cas-  vein  of  tinstone  and  quarti ;  DD, 

siterite  and  chlorite  ;  CC,  the  leader,  mnln  leader,  con^i^ting  of  iron 

consisting  of  quartz,  caesiterlte,  cUo-  pvrite^  cassiterite,  and  chlorite, 

rite,  a  little  iron  pyrites,  and  pieces  of  containing  about  2j  per  cent,  of 

Beds  containing  tin  ore  in  the  form  of  rolled  pebbles  and 
sand  occur  with  the  alluvial  deposits  of  existing  valleys  in 
many  countries.  The  principal  Cornish  deposits  have  long  been 
exhausted,  though  as  lately  as  1873  tin  ore  was  raised  from  a 
bed  under  Restronguet  Creek,  a  branch  of  Falmouth  Harbour 
(Fig.  362).  In  the  Malay  Peninsula  and  in  the  islands  of 
Banca  and  Billiton  alluvial  deposits  or  "stream  works"  are 
yielding  large  quantities  of  ore;  and  New  South  Wales  is 
remarkable  not  only  for  its  recent  stanniferous  alluvia,  but  also 
for  much  older  deposits,  which,  like  the  ancient  gold  gravels, 
have  been  preserved  under  a  covering  of  basalt.  The  accom- 
panying map  (Fig.  72)  shows  part  of  Vegetable  Creek,  New 
South  Wales  ;  the  stippling  by  the  side  of  the  creek  represents 
the  tin-bearing  alluvium,  which  has  been  worked  by  open  pits. 
The  rest  of  the  country  is  granite,  except  the  shaded  pai"t  at 
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AB,  which  denote!!  basalt;  this  flowed  down  an  old  valley  and 
filled  it  up  entirely,  as  shown  by  the  section  {Fig.  73).  The 
hard  cover  of  lava  has  preserved  the  stanniferous  alluvium  and 
the  white  clay  from  denudation.  Old  alluvia  of  this  description 
are  known  as  "  deep  leads." 

The  best  example  of  alluvial  tin  deposits  is  afforded  by 
Mount  Bischoff  in  north-western  Tasmania.  The  deposits  are 
in  places  300  feet  in  thickness,  and  have  been  derived  from  the 

Fig.  ^^. 


denudation  of  quartz-porphyry  rich  in  tin  ore,  and  of  tin  ore 
veins.  The  deposits  were  discovered  in  1871,  and  up  to  June 
1904  had  yielded  6z,866  tons  of  tin  ora 

Zinc. — Zinc  ore  is  found  in  veins,  beds,  and  irregular  masses. 

Ludericfa  Mine,  situated  near  Bensberg,  on  the  right  bank  of 
the  Rhine,  not  very  far  from  Cologne,  derives  large  quantities 
of  blende  from  a  huge  vein  in  the  Devonian  rocks.  The  actual 
horizon  is  that  of  the  "  Lenneschiefer,"  which  is  classed  as 
Middle  Devonian.  The  rocks  are  slate,  inter  stratified  with 
sandstone  and  slaty  sandstone.  The  lodes  of  the  district,  as  a 
rule,  run  E.  and  W.,  or  a  little  north  of  west ;  the  Luderich 
Mine,  however,  is  an  exception,  for  the  lode  sti-ikes,  roughly 
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speaking,  north  and  south.  It  may  be  best 
described  aa  a  zone  or  belt  of  broken  and  dis- 
turbed rock,  40  to  50  metres  wide,  containing 
ore  in  irregular  veins  and  masses.  The  ore- 
bodies  Hj-e  usually  lenticular  in  shape,  dying 
out  gradually  in  every  direction ;  they  some- 
times consist  of  solid  blende  for  a  vidth  of 
several  ynrds.  The  minerals  found  in  the 
lode  are :  blende,  galena,  copper  pyrites,  iron 
pyrites,  fahlera,  quartz,  and  rarely,  chalybite. 
The  fahlerz  is  silver- bearing,  and  the  blende 
always  contains  cadmium,  and  occasionally 
gallium.  The  total  production  of  the  mine  in 
1890  was  8304  tons  of  blende  ready  for  the 
smelter,  and  423  tons  of  lead  ore.  It  is 
therefore  of  more  importance  as  a,  zinc  mine 
than  any  in  Great  Britain. 

The  second  largest  zinc  mine  in  the  British 
Isles  at  the  present  time  is  Minera,  near 
Wrexham.  It  may  be  safely  inferred  from 
its  name  that  it  was  worked  during  the 
Roman  occupation  of  the  country ;  but  the 
object  of  the  mining  in  those  days,  and, 
indeed,  until  quite  a  recent  date,  was  lead 
and  not  zinc  ore. 

The  surrounding  rocks  are  Carboniferous 
Limestone  and  Millstone  grit,  and  as  the  lode 
is  a  well-marked  fault,  the  Coal  Measures  are 
met  with  on  the  downthrow  side.  There  are 
two  principal  veins  ruaning  parallel  to  one 
another  in  a  general  NW.  and  SE.  direction, 
and  dipping  steeply  to  the  NE. ;  and  where 
productive  they  are  nearly  perpendicular. 
They  vary  in  size  from  a  mere  cleft  in  the 
rock  to  a  width  of  18  feet ;  a  fair  average  size 
is  6  feet  Besides  these  two  main  veins  there 
are  numerous  branches  and  ramifications.  The 
valuable  minerals  are  zinc  blende  and  galena, 
and,  as  would  be  expected,  the  matrix  consists 
mainly  of  calcspar.  In  the  upper  parts  of  the 
mine,  to  a  depth  of  220  yards,  galena  was  met 
with  in  large  quantitieit,  and  the  mine  made 
considerable  profits  upon  its  sales  of  lead  ore ; 
but  of  late  yeiirs  blende  has  greatly  pre- 
dominated. At  the  present  time  it  may  be 
reckoned  that  the  "stuff"  brought  up  from 
the  mine  yields  7J  per  cent  of  blende  and  t^ 
per  cent,  of  galena.     The  total  production  of 
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the  mine  in  1903  was  3376  tons  of  zinc  ore  and  127  tons  of  lead 
ore  ready  for  the  market. 

At  Ammeberg,  near  the  northern  extremity  of  the  Wetter 
Lake,  in  Sweden,  zinc  blende  occurs  in  beds.  The  surrounding 
rock  is  a  foliated  rock  which  consists  of  felspar  and  quartz,  with 
a  little  mica,  and  may  be  regarded  as  a  variety  of  gneiss.  The 
blende  is  accompanied  by  iron  pyrites,  pyrrhotine,  hornblende, 
chlorite,  garnet,  tourmaline,  and  other  minerals,  and  in  places  it 
may  be  plainly  seen  to  replace  the  mica  of  the  gneiss.  The 
Ammeberg  beds  are  worked  on  a  large  scale  by  the  Yieille 
Montagne  Company. 

The  greater  portion  of  the  German  supplies  are  obtained 
from  irregular  masses  in  limestone  in  Upper  Silesia.  In  the 
United  States  the  most  important  source  of  supply  is  the 
lenticular  masses  in  Lower  Carboniferous  Limestone  in  the 
Joplin  district,  in  Missouri,  and  Kansas.  Zinc  ore  in  masses 
is  also  worked  at  the  Malfidano  Mine  in  Sardinia,  and  at 
Santander  in  Spain. 

Diepenlinchen  Mine,  near  Stolberg,  in  Prussia,  is  interesting 
not  only  on  account  of  being  a  large  producer  of  zinc  ore,  but 
also  because  some  of  it  is  derived  from  a  great  stockwork^  a 
form  of  deposit  less  common  with  zinc  than  tin.  The  stockwork 
consists  of  an  oval  mass  of  limestone,  about  120  metres  long 
from  east  to  west,  and  50  metres  across  from  north  to  south. 
In  this  region  the  limestone  is  full  of  cracks,  which  have  been 
filled  up  with  zinc  blende,  and  this  mineral  is  also  seen  lining 
small  irregular  cavities  in  the  rock ;  judging  by  its  structure  it 
has  been  deposited  layer  after  layer,  and  probably  from  an 
aqueous  solution.  The  rock  is  so  intermingled  with  blende  that 
the  whole  of  it  has  to  be  worked  away,  and  the  separation  of 
the  valuable  constituent  from  the  waste  is  effected  by  dressing. 
Fig.  15  is  a  section  across  one  of  the  irregular  masses  of 
calamine  at  Altenberg,  in  the  neutral  territory  of  Moresnet, 
between  Belgium  and  Prussia. 

FAULTS. — All  kinds  of  deposits  are  subject  not  only  to  irregu- 
larities dependent  upon  their  mode  of  formation,  such  as  a  gradual 
thinning  out  or  thickening,  but  to 
others  which  have  taken  place  sub-  ^la,  74. 

sequently.     Sometimes  a  bed,  such 

as  AB,  has  had  a  portion  denuded  \  s  **  \  '  /  \/  \  ,\  \  \ 
by  a  current  during  the  general  — .  .  >..,''.  ,.  .. '  •  ••.•  .[-  ,. , 
period  of  depositioa  Such  an  J^J^l^ '■''.'[  ''''\'i'  ' '  '•' 
occurrence    is     called     a     "wash  A  ===  ^'^'iUj '.  y^  "  ^ 

out "     fault,     or     "  dumb     fault "      '-^^^-r-^^^-^-'r-* .'^ '':'.'':  r 

(Fig-  74).  .      . 

In  addition  to  irregularities  of  this  kind,  deposits  suffer  from 

the  disturbances  which  have  taken  place  in  the  rock  masses 

which   contain   them.      Slight  undulations   of   the   strata  are 
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common,  and  when  the  disturbance  has  been  greater,  the  bedii 
ure  bent  into  arches  and  troughs,  or  antielinaU  and  gyTKtinah. 
Further,  a  lateral  pressure  may  have  been  sufficient  to  cause 
great  crumplings  and  contortiona,  and  in  places  to  invert  the 
order  of  succesxion,  in  other  words,  to  make  the  newer  beds 
lie  under,  instead  of  above,  the  older  ones.  When  bedx  are 
much  bent  there  is  often  a  thicken- 
Kio.  75.  ing  in  the  anticlinals  and  synclinals, 

.,  ,    and  a  corresponding  thinning  in  the 
connecting  limbs. 

A.  bed  may  be  so  folded  and 
:[■'■"-  crumpled  as  to  lose  its  original 
sheet^like  form  in  places,  and 
assume  the  shape  of  an  irregular 
mass.  This  may  happen  even  with 
a  coal  seam. 

viBTioAL  ■EOTro"  ^||g  (ligtui-banceB  of  the  rockis  may 

finally  produce  rents,  accompanied  by  displacement,  which  are 
called  faults,  heaves,  throws,  or  di'des. 

We  will  take  the  case  of  a  bed  (Fig.  75).  AB  is  a  Meam 
which  ends  euddenlj  at  B,  whilst  the  continuation  is  found  at 
a  lower  level,  CD.  The  two  parts  of  the  bed  must  have 
originally  been  on  the  same  horizon,  but  subsequently  a  fractm^e 
took  place  along  the  line  XY,  followed  by  a  movement  of  one 
side  or  both  sides.     As  a  rule  the  portion  of  rock  on  the  upper 
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Fia.  77. 


or  hanging  wall  wide  appears  to  have  slid  downwards,  or  the 
under  portion  to  have  been  thrust  upwards. 

The  rent  may  be  clean,  sharp,  and  narrow,  with  the  shifted 
portions  of  rock  touching  each  other ;  or  there  may  be  a  suc- 
cession of  fissures  producing  a  step-like  arrangement  of  the  seam 
(Fig.  76) ;  frequently  tlie  cracks  are  filled  up  with  clay,  or  there 
is  a  zone  several  yards  in  width  composed  of  broken  fragments 
and  clay,  produced  by  the  attrition  of  the  sides  of  the  two  rock 
masses  (Fig.  77).     Signs  of  rubbing  may  be  seen  upon  the  walls 


OOOURRENCE  OF  MINERALS.  89 

in  the  form  of  grooves  and  scratches,  or  polished  surfaces  known 
as  "  slickenaides."  A  fault  is  of  the  same  origin  as  a  mineral 
vein  ;  the  filling  Ls  due  either  to  mechanical  or  chemical 
agencies,  or  to  both  combined,  but  does  not  happen  to  be  worth 
working  commercially.  The  prolongation  of  a  valuable  mineral 
vein  may  be  unproductive  on  entering  certain  rocks,  and  will 
then  be  looked  upon  as  a  fault.  Thus 
some    of    the    mineral    veins    of    the  Fio,78. 

Carboniferous  Limestone  in  Flintshire 
appear  to  be  continued  as  faults  in  the 
Coal  Measures.  j, 

The  throw  of  a  fault  is  measured  by 
the  amount  of  vertical  displacement.  If 
XY  is  a  fault  shifting  a.  bed  AB  (Fig. 
78),  draw  BB  vertical  and  CF  at  right 
angles  to  BE.  Then  BF  is  the  vertical 
downthrow,  CF  represents  the  hori- 
zontal displacement,  and  BC  the  shift 
along  the  line  of  dip  of  the  fault. 

The  study  of  faults  is  importent,  because  the  miner  working 
the  bed  AB  (Fig.  78)  wants  to  know,  after  reaching  the  fault 
XY,  where  to  find  the  continuation  of  the  deposit.  The  rule  is 
to  follow  the  greater  angle.  The  angle  ABY  is  greater  than 
the  angle  ABX,  and  the  missing  part  may  be  expected  some- 
where along  the  line  BY.  If  the  miner  were  working  from  D 
to  0,  the  same  rule  would  apply, 
for  the  angle  DCX  is  greater  than  Fio.  79. 

DCY. 

This  rule  gives  the  probable  direc- 
tion of  the  throw,  but  affords  no 
indication  as  to  its  amount,  which 
may  vary  considerably.  If  the  beds  a 
are  distinctly  marked  by  lithological 
peculiarities  or  by  fossils,  the  miner 
can  obtain  useful  information  by 
driving  through  the  fault  into  the 
rocks  upon  the  other  side.  Sup- 
pose, for  instance,  that  a  valuable  vmtioAL  aECTioH 
bed   of   shale    AB   (Fig.  79)   ended 

suddenly  against  a  fault  FG.  A  continuation  of  the  workings 
in  the  direction  AB  comes  upon  a  bed  of  conglomerate,  which 
the  miner  recognises  as  one  that  is  usually  40  feet  above  him. 
He  can  fairly  conclude  that  the  distance  BE  at  right  angles  to 
the  prolongation  of  DC  will  be  40  feet.  As  the  I'e.-ipective  dips 
of  the  bed  and  of  the  fault  are  known,  the  probable  length  of 
any  drift  projected  to  reach  the  seam  CD  can  be  determined 
graphically  or  otherwise.  Where  such  indications  are  lacking 
or  are  doubtful,  a  drift  having  been  put  through  the  fault  into 
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the  rocks  on  the  other  side  for  a  sufficient  distance,  boring  up 
or  down  should  be  resorted  to. 

The  throw  of  a  fa.ult  is  not  always  the  B&me  ;  it  varies  along 
the  strike,  and  finally  dies  away  altogether.  This  will  be  under- 
stood by  making  a  slit  with  a  penknife  through  a  sheet  of  card- 


Fio.  80. 


Fig.  Si. 
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board  or  india-rubber,  and  pressing  down  one  side ;  the  throw 
diminishes  from  a  maximum  at  C  to  nothing  at  A  and  B 
(Fig.  80).  Change  in  the  direction  of  throw  may  be  due  to  the 
beds  on  opposite  aides  of  a  fault  being  puckered  or  bent  in 
opposite  directions  (Fig.  81),  or  to  the  case  being  complicated 
by  branch-faults. 

The  distance  to  which  some  faults  may  be  traced  is  very  great. 
The  Gorze-Ara-Metz  fault  extends  from  St.  Jolien  in  France, 
right  across  Lorraine  to  beyond  the  Saar,  near  Wacheren,  a 
total  distance  of  53  miles  (85  kilometres),  and  another  fault  in 
the  same  district  is  known  for  z8  miles  (45  kilometres).  The 
throws  of  faults  range  from  a  few  inches  to  hundreds  and  even 
thousands  of  feet. 

Near  a  fault  a  bed  is  often  found  to  dip  more  steeply,  as  if  it 
had  been  bent  before  it  broke.  This  is  Uie  case  wiUi  the  great 
iron  ore  bed  of  Lorraine.     The  usual  dip  is  very  slight,  only  1 


Kio.  82. 


Fio.  83. 


to  2}  in  a  hundred,  but  near  faults  it  is  decidedly  more,  and 
reaches  4  in  a  hundred. 

The  rule  that  the  portion  of  the  hanging  wall  side  haa  shifted 
downwards  along  the  dip  of  the  fault  is  not  without  exceptions, 
especially  in  localities  where  rocks  are  much  bent  and  folded. 
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Heim  shows  by  a  series  of  figures  the  various  stages  in  the  pro- 
duction of  a  displacement  of  this  kind,  which  is  known  as  a 
reversed  or  overlap  fault  (Figs.  82  and  83). 

As  mineral  veins  have  been  formed  in  regions  where  rocks 
have  been  broken  and  dislocated,  it  is  only  natural  to  expect 
that  they  also  should  be  affected  by  movements  and  shif tings  of 
the  earth's  crust.  Owing  to  the  fact  that  veins  are  usually 
highly  inclined,  and  that  there  is 
often  much  difficulty  in  deciding 
how  the  dislocated  rocks  fitted 
together  before  they  were  shifted, 
the  vein  miner  speaks  of  faults  in 
different  terms  to  the  bed  miner. 
Instead  of  talking  of  doumthrowa 
and  upthrows,  he  looks  at  the  shift 
produced  sideways  and  calls  it  a 
heave.  The  miner  driving  a  hori- 
zontal tunnel  A6  (Fig.  84)  in  a 
vein,  comes   into  the  fault  XY  at  y         Plan. 

the  point  B,  and  finds  that  his  vein 

ends  off  suddenly ;  in  order  to  regain  it  he  is  obliged  to  drive 
sideways  in  barren  ground  from  B  to  0,  where  he  meets  with 
the  continuation  along  the  line  CD.  The  miner  says  that 
there  has  been  a  left-hand  heave,  because  whether  driving 
in  the  direction  A  to  B  or  D  to  C,  he  finds  the  faulted  portion 
to  the  left  hand.  It  is  evident  in  many 
cases,  from  the  striations  upon  the  walls  Fig.  85. 

of  the  faults,  that  the  displacement  of 
the  two  adjacent  rock  masses  took  place, 
not  along  the  line  of  greatest  dip,  but 
in  a  diagonal  direction,  causing  a  shift- 
ing sideways  as  well  as  downwards. 
Nevertheless,  where  beds  or  veins  are 
not  horizontal,  a  mere  shaft  along  the 
line  of  dip  is  sufficient  to  cause  a  heave 
sideways.  This  will  be  understood  from 
Fig.  85.  Let  AB  and  CD  represent  two  portions  of  the  lode 
dislocated  by  the  fault  EF.  The  point  B'  corresponded  originally 
with  B,  and  the  dislocation  was  caused  by  the  simple  sliding  of 
B'  along  the  line  of  dip  of  the  fault.  Here  again  the  miner  would 
speak  of  the  heave  as  taking  place  to  the  left. 

The  subject  of  the  heaves  of  lodes  and  beds  was  elucidated  by 
Schmidt  in  18 10,  by  Zimmermann  in  1828,  and  by  others. 

Zimmermann's  rule  for  finding  the  lost  part  of  a  vein  on  the 
other  side  of  a  fault  is  as  follows : — 

Lay  down  upon  paper  the  line  of  strike  of  the  lode  and  the 
line  of  strike  of  the  fault  (cross-course),  and  by  construction 
ascertain  the  horizontal  projection  of  the  line  of  their  intersec- 
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tion ;  from  the  point  where  the  croBs-course  was  struck  by  the 
lode,  draw  a  line  at  right  angles  to  the  strike  of  the  former  and 
directed  to  its  opposite  wall.  Notice  on  which  side  of  the  line 
of  intersection  this  perpendicular  falls,  and,  after  cutting  through 
the  cross  -  course,  seek  the 
Fio.  86.  heaved    part  of  the  lode  on 

that  side. 

Thus  let  AB(Fig.86)repre- 
sent,  at  some  given  depth,  the 
line  of  strike  of  a  fault  or 
cross-course  dipping  east,  and 
CD  the  line  of  Btrike  of  a  lode 
dipping  south,  and  we  will 
"  suppose  that  in  driving  from 
C  to  D,  in  &  westerly  direc- 
tion, the  fault  has  been  met 
with  at  D.  Knowing  the 
dip  of  the  lode  and  that  of  the 
fault,  it  is  easy  to  lay  down,  on  any  given  scale,  A'B'  and  CD', 
the  lines  of  strike  of  the  fault  and  lode  respectively  at  a  certain 
depth,  say  ten  fathoms,  below  AB.  The  point  D",  where  A'  B' 
and  CD'  meet,  is  one  point  of  the  line  of  intersection.  Join 
D  and  D "  and  prolong  on  both  sides.  The  line  MN  represents 
the  horizontal  pro- 
Fio.  87.  jection  of  the  line  of 

^  intersection    of    the 

two  planes.     At   D 
erect    DE    at    right 
angles   to    AB,  and 
directed  towards  the 
opposite  wall  of  the 
'  fault.     As  DE  falls 
south    of    UN,   the 
miner,  after  cutting 
I       ■eiiiii^.i.  lEDTiun     through    the    fault, 
would     drive     in    a 
southerly  direction,  and  eventually  strike  the  lode  again  at  F. 
It  will  be  at  once  understood  that  if  the  miner  were  following 
the  lode  from  G  to  F,  the  perpendicular  would  lie  to  the  nortli 
of  the  line  of  intersection,  and  following  the  rule  he  would  drive 
ia  that  direction,  after  cutting  through  the  fault. 

When  several  faults  dislocate  lodes  one  after  the  other,  very 
great  complications  may  arise. 

Fig.  87,  representing  some  remarkable  heaves  or  throws  in 
the  Penballs  Mine,  from  a  drawing  published  by  Mr.  J.  W. 
Pike  in  1866,  is,  fortunately  for  the  miner,  an  unusual  instance 
of  a  succession  of  faults. 
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CHAPTER  11. 

DISCOVERY. 

Chance  DiscoverieB. — The  number  of  discoveries  of  valuable 
mineral  deposits  by  pure  chance  is  very  great.  A  few  cases, 
mostly  recent,  may  be  cited,  taking  the  minerals  in  alphabetical 
order. 

Amber, — Pieces  of  amber  cast  up  on  the  shores  of  the  Baltic 
after  storms,  no  doubt,  were  the  first  sources  of  supply  of  the 
mineral,  and  eventually  led  to  a  search  for  the  parent  beds. 

Cobalt. — The  cobalt  ore  recently  worked  in  Flintshire  was 
discovered  in  1870,  by  Mr.  Gage,  who  happened  to  test  with 
the  blowpipe  some  black  matter  which  formed  strings  in  the 
Carboniferous  Limestone. 

Copper, — The  owner  of  a  sheep  run  on  Yorke*s  Peninsula, 
South  Australia,  picked  up  some  atacamite  on  the  coast  in  1859, 
and  became  convinced  that  there  were  deposits  of  copper  ore 
inland.  In  i860  he  came  across  the  workings  of  a  wombat 
which  had  thrown  out  a  quantity  of  this  green  ore  in  making  its 
burrow.  Pits  were  put  down,  and  the  great  Wallaroo  lode  was 
thus  discovered.  Other  lodes  in  the  district  were  afterwards 
hit  upon  in  the  same  way,  or  from  green  ore  thrown  up  by  some 
burrowing  insect. 

Diamonds. — The  fate  of  South  Africa  has  been  wholly  changed 
by  the  finding  of  diamonds.  Mr.  John  O'Reilly,  a  trader, 
describes  his  discovery  in  these  words: — 

'^  Id  March  1867,  I  was  on  my  way  to  Colesberg,  from  the 
junction  of  the  Yaal  and  Orange  Rivers ;  I  outspanned  at  Mr. 
Niekerk's  farm,  where  I  saw  a  beautiful  lot  of  Orange  River 
stones  on  his  table,  which  I  examined.  I  told  Niekerk  they 
were  very  pretty.  He  showed  me  another  lot,  out  of  which  I  at 
once  picked  the  '  first  diamond.'  I  asked  him  for  it,  and  he  told 
me  I  could  have  it,  as  it  belonged  to  a  Bushman  boy  of  Daniel 
Jacobs."  Mr.  O'Reilly  then  sent  the  stone  to  Cape  Town  for 
examination,  when  it  turned  out  to  be  a  true  diamond,  worth 

The  value  of  the  diamonds  produced  now  exceeds  5  millions 
sterling  every  year. 

Gold. — The  story  told  of  the  finding  of  gold  in  California,  in 
1848,  is  that  Marshall,  who  was  superintending  a  sawmill,  hap- 
pened to  see  something  glittering  in  the  mill-leat.     It  turned 
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out  to  be  gold.  He  found  more  nuggets,  and  soon  the  discovery 
was  noised  abroad. 

In  Australia  the  first  discoveries  of  gold  were  by  chance. 

The  attention  of  Dr.  Flassard  was  directed  to  the  existence  of 
gold  in  Venezuela  from  seeing  some  specimens  in  the  possession 
of  a  native. 

Iron. — ^Traces  of  soft  hsematite,  noticed  among  the  roots  of  an 
overturned  tree,  led  to  the  discovery,  in  1 891,  of  the  important 
Biwabik  iron  mines  of  the  Mesabi  range,  Minnesota. 

Nickd. — The  Sudbury  nickel  deposits  in  Ontario  were  dis- 
covered in  making  a  cutting  for  the  Canadian  and  Pacific  Rail- 
way, and  even  then  it  was  the  copper  which  first  attracted 
notice. 

Phosphate  of  Lime. — In  May  1886,  a  geologist,  M.  Merle, 
took  it  into  his  head  to  analyse  the  sand  of  an  apparently 
abandoned  pit,  which  had  been  worked  for  centuries  in  order  to 
give  bricks  a  violet  tint  much  esteemed  in  the  neighbourhood. 
He  found  it  contained  77*85  per  cent,  of  phosphate  of  lime. 
This  was  the  origin  of  the  workings  in  the  Upper  Chalk  at 
Beauval,  in  the  department  of  the  Somme,  France. 

The  discovery  of  the  phosphate  beds  of  Florida  was  made  in 
the  autumn  of  1889  by  an  orange-grower,  who  out  of  curiosity 
sent  to  a  chemist  a  sample  of  the  white  subsoil  of  his  grove; 
this  turned  out  to  contain  80  per  cent,  of  phosphate. 

Quicksilver. — The  Redington  Quicksilver  Mine,  in  California, 
was  discovered  in  making  a  cutting  for  a  road. 

Silver. — A  man  made  a  fire  to  cook  his  food  and  protect  him- 
self from  the  cold,  near  the  site  of  Catorce,  in  Mexico,  and  in 
the  morning  found  silver  shining  in  the  ashes.  This  was  in 
1775,  and  three  years  later  another  man  pulled  up  a  bush  to 
throw  upon  his  fire,  and  found  native  silver  in  the  roots. 
Mining  soon  began,  and  between  1779  and  181 2  the  district 
yielded  ore  worth  from  thirty  to  forty  million  pounds  sterling. 
Tradition  relates  that  the  famous  silver  mines  of  Potosi,  in 
Bolivia^  were  discovered  in  a  similar  manner  in  1538,  by  the 
accidental  displacement  of  a  bush  which  had  small  lumps  of 
native  silver  among  the  roots. 

The  existence  of  silver  in  the  Province  of  Famatina,  in  the 
Argentine  Republic,  was  made  known  by  a  pure  accident. 
Leita  and  Fchavarria  were  making  a  journey,  in  181 1,  across  the 
Andes,  and  during  a  terrible  storm  took  refuge  in  a  cave,  and 
there  passed  the  night.  In  the  morning  they  found  that  the 
stones  they  had  put  round  the  fire  at  night  were  white,  and 
on  further  examination  silver  was  plainly  to  be  seen  in  them. 

Adventitious  Finds. — Search  for  one  mineral  often  leads  to 
the  discovery  of  another. 

The  working  of  veins  for  tin  ore  has  revealed  the  presence  of 
the  decomposed  granite  which  furnishes  china  clay. 
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The  finders  of  the  Oomstock  lode  in  Nevada  worked  it  at  first 
for  gold,  being  quite  ignorant  of  the  presence  of  rich  silver  ore. 

In  the  winter  of  1858-59,  some  prospectors  washed  a  panful 
of  earth  from  a  broad-topped  mound  which  one  of  them  had 
noticed  previously.  This  gave  gold  to  the  value  of  fifteen  cents, 
a  high  average  return.  They  then  noticed  a  gopher  hole  in  the 
mound,  and  took  up  the  earth  which  had  been  thrown  up.  This 
they  washed,  with  satisfactory  results,  and  at  once  staked  out 
claims.  Another  part  of  the  lode  was  discovered  by  some  other 
prospectors,  who  had  dug  a  hole  in  order  to  make  a  little  reser- 
voir for  water.  They  chanced  to  wash  some  of  the  earth,  and 
to  their  surprise  found  it  rich  in  gold.  The  upper  part  (back)  of 
the  lode  was  then  worked  for  this  metal.  They  threw  away  bits 
of  a  black  rock  which  they  found  mixed  with  the  earth  and 
yellow  sand,  and  when,  at  a  depth  of  3  or  4  feet,  they  came 
upon  a  vein  of  the  black  mineral,  they  had  not  the  least  idea 
that  it  was  valuable.  Pieces,  however,  were  carried  away  by 
curious  visitors,  and  one  was  given  to  Mr.  Melville  Attwood  for 
assay.  He  discovered  that  it  was  worth  $3000  per  ton  for  silver 
and  $876  for  gold.  The  black  mineral  was  sulphide  of  silver, 
and  the  yellow  sand  proved  to  be  the  chloride.  The  working 
of  the  Oomstock  lode  for  silver  dates  from  this  discovery,  which 
was  in  June  1859. 

There  are  reasons  for  supposing  that  the  original  discoverers 
of  the  Oomstock  lode  were  two  brothers,  named  Orosh,  who  had 
found  a  rich  vein  of  silver  in  1856.  But  one  brother  died  from 
the  effects  of  a  slight  accident,  and  the  other  soon  after  suc- 
cumbed under  the  hardships  he  had  undergone  in  crossing  the 
snows  of  the  Sierras  in  December  1857.  The  knowledge  of  this 
vein  was  then  lost  for  a  time. 

Gold  miners  have  very  often  worked  auriferous  gossans  wholly 
ignorant  that  much  more  valuable  mineral  was  concealed  under 
the  capping.  This  was  the  case,  from  its  discovery  in  1886  up 
to  1890,  with  the  Mount  Lyell  deposit,  where  the  capping  is 
simply  the  decomposed  outcrop  of  a  mass  of  pyrites  carrying 
copper,  silver,  and  gold. 

The  Oamp  Bird  Mine  in  Oolorado  is  said  to  have  originally 
been  sold  as  a  silver  mine,  assays  having  been  made  for  silver 
only.  A  high  proportion  of  gold  was  found  in  the  ore  on  the 
waste-heaps,  and  the  mine  has  since  paid  very  large  sums  in 
dividends. 

In  1885  some  natives,  or  Spaniards,  took  to  M.  Bastide  speci- 
mens of  what  they  thought  was  calamine  from  the  top  of  Djebel 
Toumai-Kebir,  Department  of  Oran,  Algeria.  It  tiurned  out  to 
be  phosphate  of  lime. 

When  boring  for  rock-salt  in  1 839,  near  Stassf urt,  the  Prussian 
Government  found  brine  with  chloride  of  magnesium  and  chloride 
of  potassium.     Later,  in  1852,  they  sank  two  shafts  through  the 
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beds  containing  these  minerals,  without  in  any  way  recognising 
their  value,  in  order  to  work  the  rock-salt  underneath.  How- 
ever, in  i860,  this  mistake  was  corrected,  and  the  potassium 
salts  soon  became  the  main  object  of  the  mining. 

The  sub-wealden  bore-hole  near  Battle,  in  Sussex,  which  was 
put  down  for  general  information  concerning  the  underlying 
strata,  met  unexpectedly  with  a  bed  of  gypsum,  which  is  now 
regularly  mined. 

The  bed  of  salt  in  the  Cleveland  district  of  Yorkshire  was 
discovered  in  1863  by  a  boring  made  for  the  purpose  of  getting 
water.  The  total  area  now  proved  is  20  square  miles ;  and  if 
the  approximate  average  thickness  of  the  bed  is  taken  at  only 
90  feet,  it  may  be  estimated  to  contain  115,200,000  tons  of  salt 
per  square  mile. 

A  bore-hole  was  put  down  in  Louisiana  near  Lake  Charles  on 
the  New  Orleans-Texas  Railway  in  search  of  petroleum,  and 
a  rich  bed  of  sulphur-bearing  rock  100  feet  (30  m.)  thick  was 
pierced  unexpectedly.  Owing  to  the  watery  nature  of  some  of 
the  strata  by  which  it  is  overlain,  it  has  not  yet  been  worked. 

According  to  a  statement  issued  by  the  Broken  Hill  Proprie- 
tary Company,  Limited,  the  original  claims  of  this  productive 
silver  mine  were  pegged  off  under  the  impression  that  the  out- 
crop was  one  of  a  tin  lode. 

The  Sulphur  Bank  in  California  was  originally  worked  for 
sulphur,  and  the  fact  of  there  being  quicksilver  was  long  un- 
suspected. 

Instances  of  valuable  minerals  passing  unrecognised  are 
common. 

It  is  related  that  the  original  proprietor  of  the  site  of  Mount 
Morgan  Gold  Mine  in  Queensland  used  to  sell  some  of  the 
auriferous  stone,  which  resembles  pumice,  as  hearthstone  for 
cleaning  doorsteps. 

"^  Oeology  as  a  Guide  to  Minerals. — A  knowledge  of  geology 
will  often  serve  to  guide  the  miner.  Coal  has  been  discovered 
in  the  south-east  of  England  by  very  careful  reasoning,  based 
upon  the  geological  structure  of  South  Wales  and  Somerset- 
shire on  the  west  and  that  of  Northern  France  and  Belgium 
on  the  east. 

The  applicability  of  the  theory  of  the  accumulation  of  natural 
gas  and  petroleum  in  the  crests  of  anticlines  appears  to  be 
general.  Deductions  based  on  this  geological  structure  and  the 
local  geo-hydrostatic  pressure  have  enabled  the  approximate 
position  and  extent  of  new  oil  and  gas  fields  in  West  Virginia, 
Pennsylvania,  and  elsewhere  to  be  foretold.  The  drill  has 
abundantly  verified  the  predictions  of  the  geologist,  but  there 
are  also  oil-fields  in  which  similar  conditions  do  not  hold  good. 

M.  Meugy,  Inspector-General  of  Mines,  hearing  of  the  dis- 
covery of  phosphate  of  lime  in  the  Lower  Greensand  of  England, 
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concluded  that  similar  deposits  might  occur  in  the  Cretaceous 
rocks  of  France.  Search  was  made,  and  valuable  deposits  were 
found  in  1852. 

Diamond-bearing  pipes  have  probably  originated  along  lines 
of  weakness.  A  linear  disposition  of  such  old  necks  having 
been  detected,  search  for  new  deposits  might  well  be  made 
along  this  line. 

Geology  also  affords  the  miner  aid  by  enabling  him  to  identify 
certain  horizons  in  stratified  rocks  by  their  fossils.  The  valu- 
able bed  itself  may  not  always  be  fossiliferous,  but  definite 
horizons  above  or  below  it  may  be  recognisable,  and  so  guide 
the  miner  in  his  explorations. 

AMociated  Minerals. — ^The  existence  of  valuable  minerals 
may  be  suspected  from  meeting  with  some  of  their  common 
associates,  and,  even  for  the  sake  of  its  importance  to  the 
prospector,  the  subject  of  the  paragenesis  of  minerals  deserves 
careful  study. 

The  facts  are  specially  marked  in  the  case  of  tin  ore.  Gas- 
si  terite  is  usually  associated  with  minerals  containing  boron 
and  fluorine,  such  as  tourmaline,  topaz,  fiuor-spar  and  lithia 
mica,  and  also  with  wolfram,  chlorite,  and  arsenical  pyrites; 
masses  of  magnetic  iron  ore  are  frequently  accompanied  by 
rocks  containing  garnets,  hornblende,  and  epidote. 

Zinc  blende  is  a  common  associate  of  galena,  which  likewise 
often  has  barytes  in  its  train.  Galena  invariably  contains  silver, 
and  frequently  enough  to  enhance  its  value. 

Manganese  minerals  often  accompany  ores  of  the  precious 
metals,  more  especially  the  silver  ores. 

The  associates  of  gold  in  quartz  veins  are  various  metallic 
sulphides,  such  as  iron  pyrites,  magnetic  pyrites,  copper  pyrites, 
mispickel,  galena,  zinc  blende,  stibnite,  tetradymite,  and  bis- 
muthine. 

Salt  is  accompanied  by  gypsum  and  anhydrite,  and  frequently 
has  its  habitat  in  red  rocks.  Mottura  explains  this  by  pointing 
out  that  when  sea  water  is  evaporated,  the  first  precipitate  is 
oxide  of  iron,  that  gypsum  crystallises  out  next,  and  later  the 
sodic  chloride. 

Natural  gas,  petroleum,  and  ozokerite,  a  group  closely  related 
by  chemical  constitution  and  origin,  are  found  together,  or  in 
clase  neighbourhood.  Salt,  massive  or  as  brine,  not  uncommonly 
accompanies  them.  Asphalt,  too,  often  no  doubt  a  derivative 
from  certain  members  of  this  hydro-carbon  series,  may  exist  at 
no  very  remote  distance  as  a  relatively  superficial  deposit. 

SUBFAOE  INDICATIONS. — The  indications  which  guide 
the  prospector  are  precisely  those  upon  which  the  geological 
surveyor  depends  in  making  his  maps,  viz.,  form  of  the  ground, 
colour,  nature  of  the  decomposed  outcrop,  ordinary  springs, 
mineral  springs,  indicative  plants,  altered  vegetation,  burrows 
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of  animals,  old  workings,  slag  heaps,  ruins,  names  of  places, 
and  old  records. 

Form  of  the  Qround. — If  the  valuable  mineral  is  harder  or 
softer  than  the  surrounding  rocks,  it  will  aSect  the  manner  in 
which  the  surface  ia  sculptured  by  atmospheric  agencies.  Hard 
rocks  will  project  in  some  way,  soft  ones  will  be  cut  into  hollows, 
especially  if  they  are  impermeable.  The  outcrop  of  a  hard  bed 
will  be  denoted  by  a  steep  face  or 
escarpment,  and  unyielding  rain-  Fig.  S8. 

eral  veins  project  above  the  sur- 
face in  the  form  of  huge  crags 
(Fig.  88).  In  parta  of  Great  Britain, 
these  outcrops  have  been  worked 
away  and  are  no  longer  apparent ; 
but  lode  -  quartz  blanched  by 
weathering    may    often  be    seen 

standing  up  several  feet  above  the  surface  on  the  Welsh  hills, 
and  the  run  of  some  lodes  can  be  traced  for  a  long  distance  by 
a  succession  of  such  outcrops. 

In  the  United  States,  in  many  of  the  South  American 
republics,  and  in  Australia,  this  phenomenon  is  common. 

At  the  Great  Western  Quicksilver  Mine  in  California  the 
outcrop  of  the  vein  appears  as  a  <lyke  over  100  feet  wide,  and 
having  precipitous  sides  in  places  75  feet  high. 

Some  of  the  silver  veins  of  Butte,  Montana,  crop  out, 
according  to  G.  vom  Rath,  as  great  wall-like  ridges  of  brown  and 
black  rock,  which  ia  quartz  containing  the  oxides  of  iron  and 
manganese ;  the  Rainbow  lode  stood  up  zo  feet  above  the 
surface. 

The  tin  lodes  of  San  Jacinto  in  California  are  found  in  a 
country  destitute  of  all  vegetation  except  grass,  and  their  black 
outcrops  are  said  to  be  unusually  distinct. 

The  Great  Quartz  Vein  of  California  has  a  very  conspicuous 
outcrop,  forming  the  crest  of  the  hills,  so  that  it  can  be  readily 
seen  from  a  distance  of  several  miles. 

The  Broken  Hilt  lode  at  Silverton,  New  South  Wales,  was 
traceable  for  fourteen  miles  by  the  outcrop  of  huge  black  crags 
consisting  of  ferruginous  quartz,  brown  ironstone,  pyrolusite 
and  other  minerals,  which  in  places  rose  to  a  height  of  50  feet 
above  the  ground,  and  were  10  to  1 20  feet  wide. 

Speaking  of  the  outcrops  of  gold  veins  of  the  Hodgkin^on 
goldfield  of  Queensland,  Mr.  R.  L.  Jack,  the  government 
geologist,  says,  "They  can  be  followed  from  hill  top  to  hill  top, 
forming  at  times  insurmountable  walls  a  hundred  feet  high  ; 
as,  for  example,  in  the  peaks  west  of  Mount  Tenison  Woods. 
In  other  places  denudation  has  left  their  remains  on  hill  sides 
or  hill  tops  in  the  form  of  huge  cubes  of  quartzite,  from  which 
the  surrounding  soft  rocks  have  crumbled  away.     These  cubes 
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stand  up  weird  and  solitary,  like  the  ^  perched  blocks '  of  Alpine 
and  Arctic  lands." 

Even  when  the  valuable  deposit  presents  no  striking  outcrop, 
it  may  be  followed  by  observing  some  more  marked  attendant. 
Thus  the  "  red  bar "  of  the  Johannesburg  district  is  a  bed  of 
dark  red  slate  which  is  seen  protruding  above  the  surface,  a 
little  to  the  north  of  the  gold-bearing  conglomerate,  for  a  dis- 
tance of  20  miles  along  the  strike. 

In  California  a  dark  opaline  or  chalcedonic  rock,  known  to 
the  miners  as  **  quicksilver  rock,"  is  associated  with  the  deposits 
of  cinnabar,  and  owing  to  its  comparative  hardness  stands  out 
sometimes  as  a  projecting  outcrop. 

Soft  minerals  like  clay  offer  less  resistance  to  rain,  flood, 
and  frost,  are  more  deeply  cut  into,  and  give  rise  to  hollows. 
Thus  the  bed  of  clay  known  as  the  Gault,  occupies  a  depression 
between  the  hard  and  pervious  beds  of  the  Chalk  and  the  Lower 
Greensand. 

The  presence  of  the  masses  of  decomposed  granite  which  fur- 
nish china  clay  is  almost  always  indicated  by  a  slight  depression 
of  the  surface. 

The  ore  bodies  in  the  Sierra  Mojada,  Mexico,  are  softer  than 
the  enclosing  rocks,  which  often  stand  out  when  the  ore  has 
been  worn  away  by  weathering. 

Odour. — Colour  is  an  important  factor  in  the  discovery  of 
mineral  deposits.  Sometimes  the  ore  itself  has  a  distinct  hue. 
When  Garnier  was  exploring  New  Caledonia  in  1863,  he  was 
struck  by  the  special  green  colour  of  the  rocks,  and  he  found 
that  it  was  due  to  coatings,  veins,  and  lumps  of  a  hydrous 
silicate  of  nickel  and  magnesium,  which  is  now  largely  worked. 

Copper  minerals  will  produce  green,  blue,  and  red  stains, 
which  catch  the  attention  very  quickly,  Iron  gives  a  red  or 
brown  colour,  manganese  a  black  ;  lead  may  furnish  green,  a 
yellow,  or  a  white  coating,  cobalt  a  pink  one,  whilst  cinnabar 
is  the  natural  vermilion.  Coloured  minerals  are  often  used  as 
pigments  by  savages,  and  in  this  way  may  be  brought  to  the 
knowledge  of  the  explorer. 

Gozzan. — A  mineral  deposit  near  the  surface  is  frequently  so 
altered  by  atmospheric  agencies  that  it  bears  little  resemblance 
to  the  undecomposed  *bed  or  vein  which  will  eventually  be  met 
with  at  a  greater  depth.  A  bed  of  hard  shale  will  crop  out  at 
the  surface  as  a  soft  clay  :  but  the  most  common  cases  of  change 
are  furnished  by  the  conversion  of  sulphides  into  oxides  or 
oxidised  compounds,  and  the  removal  of  some  of  the  mineral 
in  the  form  of  a  soluble  sulphate.  Thus  iron  pyrites,  which  is 
such  a  frequent  constituent  of  mineml  veins,  is  converted  into 
hydrated  oxide  of  iron,  and  a  vein,  originally  consisting  of  iron 
pyrites  and  quartz,  becomes  a  honeycombed  brown  and  yellow 
rock,  the  removal  of  the  iron  pyrites  in  the  form  of  a  soluble 
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sulphate  leaving  cavities  which  are  only  partly  filled  up  by 
oxide.  The  ferruginous  solutions  which  flow  away  stain  and 
discolour  the  adjacent  rock. 

The  ferruginous  outcrop  of  mineral  veins  has  been  noticed  in 
all  mining  countries.  In  Cornwall  it  is  called  gozzauy  and  this 
term  has  been  carried  by  the  ubiquitous  Cornish  miner  to  other 
English-speaking  countries,  though  in  Australia  we  hear  of 
ii'onstone  blows.  Similarly  a  projecting  outcrop  of  quartz  is  often 
termed  a  "  quartz-blow." 

In  Germany  the  v*on  hat  gives  the  proverb — 

Es  ist  kein  Bergwerk  nie  so  gut, 
Es  hat  denn  einen  eisem  Hat ; 

translated  by  the  late  Sir  Warington  Smyth  as  follows — 

"  A  lode  will  ne*er  cut  rich  and  fat. 
Unless  it  have  an  "  iron  hat." 

In  France  the  chapeau  en  fer  is  the  equivalent  of  the  German 
expression,  whilst  the  Italian  miner,  ascribing  the  cindery, 
burnt-up  appearance  to  the  action  of  fire,  calls  such  outcrops 
bruccioni.  The  Spanish  term  colorados  has  reference  to  the  red 
tint  due  to  iron  oxides.  In  some  parts  of  South  America,  such 
as  the  Argentine  Republic  and  BoUvia,  the  word  pa^cos  is  used 
for  the  oxidised  ores.  In  Mexico,  gozzans  of  silver  lodes,  black 
from  the  presence  of  oxides  of  manganese,  are  termed  que- 
mazoneSy  an  expression  corresponding  with  the  Italian  bruccionu 

The  nature  of  a  gozzan  usually  varies  very  greatly,  not  only 
in  different  districts,  but  also  in  different  parts  of  the  same 
lode.  If  the  vein  originally  consisted  very  largely  of  iron 
pyrites,  the  gozzan  will  be  mainly  ochre  and  brown  iron  ore, 
often  in  botryoidal  and  stalactitic  forms.  If  quartz  was  present 
also,  a  cellular,  cindery,  cavernous,  ferruginous  rock  is  the  result 
of  the  atmospheric  weathering. 

Other  metallic  minerals  will  leave  their  traces.  Galena 
becomes  changed  into  anglesite,  cerussite,  pyromorphite,  and 
mimetite.  The  sulphides  of  copper  yield  native  copper,  mela- 
conite,  cuprite,  malachite,  chessylite,  together  with  phosphates, 
arseniates,  and  silicates  of  the  metal,  and  sometimes  the  oxy- 
chloride  or  oxysulphide.  Carbonate  of  manganese  gives  rise  to 
black  oxides,  whilst  argentiferous  minerals  furnish  native  silver, 
kerargyrite,  and  emboli te. 

Gold  is  unlocked  from  enveloping  sulphides,  and  specimens  of 
quartz  may  be  seen  from  nearly  every  gold  field  in  which  cubical 
cavities,  left  by  the  removal  of  iron  pyrites,  are  partly  filled  up 
with  ochre  and  delicate  skeletons  of  the  precious  metal.  Gold 
may  exist  in  combination  with  other  elements  and  be  liberated 
by  the  weathering  process.  For  instance,  in  the  Cripple  Creek 
district,  in  Colorado,  the  upper  parts  of  the  ore-bodies  carry  free 
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gold  in  porous,  angukr,  and  often  striated  plates,  which  corre- 
spODd  in  form  to  the  cryetatB  of  gold  telluride  which  replace  it 
at  greater  depths.  There  ia  little  doubt  that  much  of  this  free 
gold,  together  with  its  associated  oxidised  tellurium  compounds, 
has  been  derived  from  the  oxidation  of  a  gold  telluride. 

The  depth  to  which  the  oxidising  and  leaching  action  proceeds 
is  often  considerable.  In  the  Comstock  lode,  according  to  Hague, 
"  the  quartz  is  reddened  and  the  iron  minerals  more  or  less 
oxidised  to  a  depth  of  500  feet,  but  it  is  probable  that  the  lower 
100  feet  are  chiefly  coloured  by  the  percolation  of  the  surface 
waters."  Sometimes  there  is  a  sharp  line  of  demarcation,  some- 
times a  gradual  passage,  between  the  goz7.an  and  the  sulphides. 

In  the  sections  of  a  mineral  vein,  Figs.  S9  and  90,  A  is  the 
gozmit,  showing  itself  occasionally  by  rough  ci-ags  at  the  surface ; 
C  represents  the  undecomposed  sulphides,  and  B  is  an  inter- 
mediate zone  where  the  process  of  alteration  is  incomplete.  At 
Huanchaca  Silver  Mine,  Bolivia,  the  oxidised  ores  near  the  sur- 
Fic.  89.  FlO.  90. 


face  are  called  pacog,  the  transition  oxysulpbides  mnlatot,  whilst 
the  unchanged  sulphides  are  known  as  mMate»  /nog.  In  the 
longitudinal  section,  Fig.  90,  the  alteration  is  shown  as  ceasing 
soon  after  the  level  of  the  bottom  of  the  valley  ia  reached,  that 
is  to  say,  when  the  water  no  longer  has  an  easy  exit ;  but  cir- 
cumstances may  bring  about  a  system  of  circulation  causing  the 
rainwater  to  penetrate  below  this  level,  and  then  the  gozzan 
will  naturally  extend  to  a  greater  depth. 

OoKzan  ia  important  to  the  miner  not  only  because  it  is  an 
indication  of  a  lode,  but  also  because  the  ore  is  sometimes  more 
valuable  from  the  decomposition  of  the  sulphides.  This  is 
specially  the  cnse  with  gold  and  silver.  Gold,  as  already  ex- 
plained, is  set  free  from  a  tight  covering  of  pyrites,  or  possibly 
from  a  state  of  combination  with  some  other  element,  and  can 
now  be  easily  caught  by  quicksilver.  The  miner  speaks  of  the 
ore  as  "free-milling"  on  tfaia  account.  Silver,  when  brought 
into  the  native  state,  or  converted  into  chloride,  is  likewise 
readily  extracted  by  amalgamation 
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In  the  case  of  argentiferous  lead  veins,  chloride  of  silver 
mixed  with  carbonate  of  lead  and  oxide  of  ii'on  is  more  accept- 
able to  the  smelter  than  a  complex  mass  of  metallic  sulphides. 
The  removal  of  zinc  blende  by  atmospheric  agencies,  no  doubt 
through  its  conversion  into  a  soluble  sulphate,  is  of  much 
importance;  for  the  ore  is  thus  freed  from  an  ingredient 
which  gives  trouble  in  the  lead  furnaces,  and  cannot  be  satis- 
factorily separated  mechanically  when  very  intimately  mixed 
with  galena,  iron  p3rrites,  and  other  sulphides.  Furthermore, 
the  removal  of  some  of  the  heavy  worthless  ingredients,  whilst 
the  silver  remains  fixed  as  insoluble  chloride,  raises  the  tenor 
of  the  ore  in  the  precious  metal.  Lastly,  the  upper  parts  of  the 
vein  are  more  cheaply  worked  from  their  softness,  and  from  the 
small  cost  of  pumping  and  winding.  In  these  circumstances 
the  fact  of  a  mine  sometimes  becoming  less  profitable,  or  wholly 
unprofitable,  when  the  zone  of  sulphides  is  reached  will  easily 
be  understood. 

These  points  must  not  fail  to  be  considered  by  the  miner ;  he 
must  recollect  that  the  zone  of  the  oxidised  ores  will  be  succeeded 
by  sulphides,  more  costly  to  work,  and  sometimes  requiring 
totally  different  treatment. 

Gozzans  should  be  carefully  assayed,  especially  for  silver. 
Instances  could  be  given  of  gozzans  having  been  stamped  and 
worked  for  gold,  to  the  utter  neglect  of  the  silver  which  was  by 
far  the  more  valuable  ingredient. 

In  Cornwall  gozzans  of  copper  lodes  have  been  worked  for  tin 
ore,  which  was  originally  enclosed  in  or  mixed  with  copper  and 
iron  pyrites.  Owing  to  its  insolubility  it  resisted  the  weather- 
ing which  carried  away  the  copper  and  some  of  the  iron  in 
solution. 

The  Anaconda  Mine  at  Butte^  Montana,  now  famous  for  its 
enormous  output  of  copper,  was  originally  bought  as  a  silver 
mine.  For  a  depth  of  400  feet  the  ores  contained  no  notable 
quantity  of  copper ;  this  metal  had  been  carried  off  in  solution, 
whilst  the  silver,  converted  into  an  insoluble  chloride,  was 
rendered  proof  against  any  further  action  of  rainwater. 

Deposits  of  cupreous  iron  pyrites  may  have  the  copper  and 
sulphur  so  completely  removed  that  the  remaining  oxide  of  iron 
is  worked  as  an  ore  of  this  metal. 

The  best  iron  ores  of  Bilbao  in  Spain  were  the  decomposed 
portions  of  deposits  of  the  carbonate.  The  weathering  has  had 
two  useful  effects :  it  has  raised  the  percentage  of  iron,  and  it 
has  lowered  the  amount  of  sulphur  by  decomposing  the  iron 
pyrites,  which  occurs  in  small  quantities  in  the  unaltered  ore. 

The  upper  part  of  the  diamond -bearing  rock  at  Kimberley  to 
a  depth  of  50  feet  has  become  hydra  ted  by  the  action  of  the  air, 
thus  changing  the  colour  from  blue  to  yellow,  and  rendering  the 
rock  softer 
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The  seams  containing  native  sulphur  in  Sicily  often  show  no 
trace  of  that  element  at  the  sui*face,  as  the  sulphur-bearing 
limestone  weathers  into  a  soft,  white,  grey,  or  yellowish  white, 
granular  or  pulverulent  variety  of  gypsum,  called  briscale  by 
the  miners,  and  considered  by  them  to  aJfTord  important  indi- 
cations concerning  the  bed  itself.  In  this  case  the  sulphur  has 
gradually  become  oxidised  and  has  combined  with  some  of  the 
lime  to  form  a  sulphate ;  and  it  is  only  natural  to  suppose  that 
the  thicker  and  the  richer  the  original  bed  was,  the  greater  will 
be  the  amount  of  brisccde  produced,  and  the  more  apparent  its 
signs  on  the  surface. 

Veins  of  asbestos  have  been  discovered  by  noticing  a  white 
powdery  substance  in  cracks  in  the  rocks,  which  led  to  fibrous 
asbestos  when  worked. 

Oaseous  and  Liquid  Emanations.— Steam-puffs  are  indications 
of  the  small  superficial  deposits  of  sulphur  in  volcanic  districts ; 
and  here  sight  is  aided  by  the  sense  of  smell,  for  the  author 
recollects  remarking  the  odour  of  sulphuretted  hydrogen  long 
before  he  rode  up  to  some  sulphur  banks  in  Iceland.  In  Tuscany 
the  natural  steam-puffs  which  yield  boracic  acid  are  plainly 
visible,  and  bore-holes  are  also  put  down  to  produce  them  arti- 
ficially where  the  rocks  are  hot  at  the  surface,  and  so  give  hopes 
of  tapping  vapour  at  a  shallow  depth. 

Some  of  the  successful  bore-holes  for  carbonic  acid  gas  in  the 
Eifel,  Germany,  were  planned  on  account  of  natural  emanations 
of  the  gas  in  the  immediate  vicinity. 

Petroleum  and  natural  gas  may  both  be  indicated  by  emana- 
tions or  springs  of  gas  or  oil  which  have  a  characteristic  odour, 
and  are  sometimes  found  burning  {Natural  Fires).  The  gas 
may  bubble  up  through  the  water  of  wells,  &c. ,  while  the  oil  is 
found  as  an  iridescent  film,  or  even  as  a  thick  layer  on  pools 
and  streams,  or  polluting  wells  into  which  it  has  leaked  ;  or  it 
may  saturate  and  stain  brown  the  soil  or  rocks  from  which  it 
exudes ;  or  even  issue  as  a  tiny  stream  which  deposits  a  tarry 
or  pitch-like  material.  In  places,  these  hydrocarbons  may  be 
accompanied  by  hot  or  cold  springs  of  salt  or  sulphuretted 
water,  and  in  certain  districts  may  assist  in  producing  mud 
volcanoes,  which  are  common  in  some  oil-fields,  so  much  so,  that 
in  Russia  they  are  looked  upon  as  a  favourable  indication  of 
petroleum. 

Brine  springs  point  to  salt,  chalybeate  springs  to  iron,  but 
not  necessarily  to  deposits  of  any  commercial  value ;  the  same 
may  be  said  of  water  impregnated  with  sulphuretted  hydrogen 
as  an  indication  of  native  sulphur.  Springs  of  ordinary  water 
may  be  expected  to  appear  where  a  pervious  bed  rests  upon  an 
impervious  one,  so  that  the  outcrop  of  a  bed  of  clay  under 
sandstone  is  often  denoted  by  a  succession  of  springs,  in  addi- 
tion to  the  change  in  the  form  of  the  ground.     A  line  of  springs 
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may  also  mark  a  fault  or  vein ;  the  rocks  at  the  points  of  issue 
may  be  marked  by  mineral  stains,  and  ferruginous  or  other  pre- 
cipitates may  be  thrown  down. 

Lode-lights. — ^Appearances  of  flame  above  mineral  veins  are 
said  to  have  been  seen,  and  at  all  events  are  sufficiently  well 
established  to  have  received  a  special  name,  'Mode-lights,"  in 
Cornwall.  It  is  possible  that  a  will -of -the- wisp  (phosphoretted 
hydrogen)  may  have  been  produced  occasionally  by  the  action  of 
organic  matter  and  water  upon  phosphates,  which  are  so  common 
in  the  upper  parts  of  mineral  veins. 

Marsh-gas  is  known  in  the  workings  of  some  lead-lodes,  and 
may  have  occasionally  issued  in  sufficient  quantity  to  produce 
flame  when  ignited  accidentally. 

Indicative  Plants. — As  plants  derive  part  of  their  nourish- 
ment through  their  roots,  and  as  different  plants  require  different 
foods,  it  is  only  natural  to  suppose  that  a  change  of  soil  causes 
a  change  in  the  vegetation. 

Beds  of  porous  limestone  let  the  rain  soak  down  at  once,  the 
soil  is  shallow,  and  the  foothold  for  trees  is  not  so  good  as  in 
the  case  of  clays.  Thus  the  chalk  hills  are  bare,  and  the  Weald 
clay  is  the  home  of  the  oak  from  a  mechanical  reason,  in  addi- 
tion to  the  chemical  one  of  nourishment. 

Clays  will  retain  water  and  naturally  be  the  habitat  of  rushes 
and  other  moisture-loving  plants. 

The  effect  of  salt  in  the  rocks  is  especially  marked,  and 
Gaetzschmann  in  1866  gave  a  long  list  of  plants  which  either 
flourish  best  when  getting  salt,  or  cannot  exist  without  it. 

The  flora  of  Monte  Catini,  in  the  province  of  Lucca,  well 
known  for  its  brine  baths,  resembles  that  of  the  coast,  although 
24  miles  away  from  the  sea,  and  separated  from  it  by  the 
Fisan  Hills. 

Mr.  S.  Herbert  Cox  states  that  the  run  of  the  deposit  of 
alunite,  which  he  discovered  in  New  South  Wales,  is  marked 
by  a  lighter  green  in  the  colour  of  the  leaves  of  the  eucalyptus 
ti*ees  which  cover  the  district  He  has  also  noticed  in  New 
Zealand  that  the  Karacca  trees  growing  upon  limestone  have 
darker  leaves  than  those  growing  upon  slate.  A  band  of  lime- 
stone can  be  traced  in  this  way. 

The  subject  of  indicative  plants  is  dealt  with  in  an  interesting 
paper  by  Raymond,  who  gives  some  additional  details  concerning 
the  calamine  pansy  of  Rhenish  Prussia,  mentioned  by  Gaetzsch- 
mann. This  pansy,  called  by  botanists  Viola  calaminana,  is 
peculiar  to  the  calamine-bearing  hills  near  Aix-la-Chapelle,  and 
in  Westphalia.  The  blossoms  are  almost  always  yellow;  but 
on  the  borders  of  the  zinc  regions  some  are  light  violet,  or 
bluish,  or  mixed  yellow  and  blue,  and  are  supposed  to  be 
hybrids  between  V.  ccUavnnaria  and  the  ordinary  wild  pansy, 
V*  tricolor.     Analysis  has  revealed  the  presence  of  zinc  in  the 
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plant  and  in  the  sap.  This  plant  is  said  to  have  been  recog- 
nised at  Horn  Silver  Mine  in  Utah,  the  ore  of  which  contains 
zinc  blende. 

The  lead  plant,  Amorpha  canescens,  Nutt.,  is  a  low  shrub,  i  ft. 
to  3  ft.  high,  whitened  with  hoary  down.  The  plant  is  most 
abundant  in  Michigan,  Wisconsin,  and  Illinois,  and  miners 
believe  that  it  flourishes  best  where  lead  ore  exists  in  the  soiL 

Dr.  F.  Stapff  found  that  prospectors  for  phosphorite  in  Estre- 
madura,  Spain,  were  guided  by  a  creeping  plant  with  bell- 
shaped  flowers.  Convolvulus  althmoides  ;  in  Montana  the  Erigonum 
ovalifoUum,  Nutt.,  is  looked  upon  as  an  indication  of  silver  ore 
in  the  vicinity. 

Mr.  S.  B.  J.  Skertchley  describes  a  "  copper  plant  **  (Polycarped 
spirostyles,  F.  v.  Mueller)  which  was  pointed  out  to  him  as  being 
always  associated  with  the  copper  deposits  of  a  district  in  North 
Queensland.  He  states  that  although  elsewhere  rare  it  is  quite 
plentiful  all  over  the  copper  region  as  far  as  he  travelled,  having 
its  habitat  invariably  on  or  close  to  the  copper  deposits,  or  along 
watercourses  charged  with  copper  in  solution,  in  such  positions 
giving  a  marked  character  to  the  flora.  He  considered  it  would 
be  found  to  be  a  useful  indication  of  copper  lodes  in  North 
Queensland,  for  his  "  experience  was  that  the  plants  could  be 
detected  more  readily  than  the  copper  outcrop,  for  they  often 
perfectly  swarmed,  and  from  their  peculiar  character  were  recog- 
nisable at  a  glance."  The  ash  of  the  stems  of  this  plant,  cleaned 
from  all  traces  of  soil,  gave  a  marked  reaction  for  copper. 

Altered  Vegetation  and  other  indications. — One  hears  of 
differences  in  the  appearance  of  the  vegetation  along  the  line 
of  mineral  deposits,  of  places  where  the  snow  will  not  lie  in 
the  winter,  and  of  vapours  hanging  over  the  ground.  Though 
some  writers  refuse  to  put  any  value  on  these  indications,  they 
should  not  be  entirely  overlooked,  because  the  outcrop  of  a  lode, 
of  different  nature  and  texture  to  the  surrounding  rocks,  may 
readily  cause  the  phenomena  just  mentioned.  One  need  only 
look  at  the  rubbish-heaps  of  some  mines,  especially  those 
yielding  pyrites,  which  remain  year  after  year  bare  and  barren, 
to  understand  the  blighting  and  withering  action  of  the  pro- 
ducts of  decomposition  of  some  minerals  upon  vegetation.  It 
is  only  natural  to  suppose  that  grass  would  grow  less  luxuriantly 
upon  a  wide  pyritous  vein  than  upon  adjacent  slate,  and  that 
a  decided  streak  of  altered  colour  and  growth  would  be  visible 
upon  the  turf. 

A  very  simple  experiment  will  convince  the  student  more 
readily  than  the  mere  statement.  Spread  a  thin  layer  of  earth 
upon  a  tray,  and  imitate  the  outcrop  of  a  lode  by  scraping  away 
some  of  the  earth  and  replacing  it  by  powdered  iron  pyrites  or 
marcasite.  Now  scatter  mustard -seed  over  the  surface,  and 
wat^r  frequently.     In  the  course  of  a  few  days  there  will  be  a 
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crop  of  mustard  on  the  earth,  but  the  track  of  the  pyrites  will 
be  marked  by  a  bare  streak  on  which  the  seeds  have  been  killed 
by  sulphate  of  ii'on  formed  by  its  decomposition. 

The  rapid  disappearance  of  snow  on  the  outcrop  of  a  lode  has 
been  noticed  at  Ducktown  Mine,  Tennessee,  among  other  places. 
The  oxidation  going  on  in  a  pyritous  lode  near  the  surface  must 
produce  a  certain  amount  of  heat,  which  would  make  the  out- 
crop of  a  lode  warmer  than  the  adjacent  rock ;  but  one  need 
not  have  recourse  to  this  hypothesis  in  order  to  account  for 
phenomena  of  this  kind.  Mineral  veins  are  often  channels 
along  which  underground  waters  circulate;  this  water  may 
come  near  to  the  surface  in  places,  or  even  issue  forth  as  a 
spring,  and  the  proximity  of  the  comparatively  warm  water 
may  keep  the  outcrop  warm  enough  not  to  freeze.  In  a  porous 
cavernous  gozzan  it  is  easy  to  imagine  the  existence  of  slow 
currents  of  the  air  which  would  have  the  same  effect. 

The  fact  of  a  vein  often  being  a  channel  of  water  will  also 
explain  the  rising  of  vapours  from  lodes  under  certain  favour- 
able conditions  of  the  atmosphere. 

Where  the  surface  is  cultivated  and  the  natural  springs  are 
tapped  by  adit  levels  or  other  mine  workings,  these  appearances 
cannot  be  looked  for  to  any  great  extent ;  and  it  is  not  unlikely 
that  the  old  miners,  who  have  handed  us  down  traditions  con- 
cerning the  signs  of  mineral  veins,  were  keener  observers  of 
nature  than  some  of  their  successors,  just  as  the  savage  may  be 
guided  by  marks  which  do  not  catch  the  eye  of  the  civilised 
traveller. 

Animals  as  Indicators. — Animals  also  may  occasionally  render 
services  to  the  prospector.  Mention  has  already  been  made  of 
the  case  of  the  wombat,  by  whose  burrows  copper  was  dis- 
covered in  South  Australia.  Prospectors  seeking  for  tin  lodes 
in  Victoria  have  also  been  guided  to  success  by  the  ore  thrown 
out  from  decomposed  dykes  by  this  animal.  Mr.  A.  R.  Ledoux 
says  that  a  useful  indication  of  phosphate  of  lime  in  Florida 
was  furnished  by  ant-hills  and  gopher  holes,  which  showed 
small  whitish  grains  of  the  mineral  in  the  earth. 

Gaetzschmann  mentions  cases  of  the  discovery  of  valuable 
ores  by  the  scratchings  of  the  beaver,  the  bear,  and  the  marmot, 
as  well  as  by  the  wallowing  of  pigs ;  he  also  brings  forward 
instances  in  which  the  first  indications  of  mineral  wealth  were 
afforded  by  stones  kicked  up  by  a  horse,  or  tossed  out  by  a 
bull,  or  lying  in  the  nest  of  a  vulture,  or  found  in  the  crop  of 
a  grouse. 

At  the  Caratal  diggings  in  Venezuela,  a  bird  called  the  minero 
was  thought  to  mark  the  site  of  gold-bearing  gravel.  The 
author  often  heard  its  notes  when  passing  pits  where  gold  was 
being  obtained,  and  it  is  possible  that  it  preferred  certain  trees 
which  grew  upon  the  old  alluvia.     In  fact,  as  so  many  animals 
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obtain  their  food  from  special  plants,  it  is  evident  that  the 
fauna  dependent  upon  the  flora  must  be  affected  indirectly  by 
the  minerals  of  the  soil.  The  fact  of  there  being  more  genera 
and  species  of  snails  in  a  limestone  country  is  a  case  in  point. 
Lastly,  the  tracks  of  animals  may  lead  to  salt  springs  which 
they  frequent. 

Old  Workings,  Slag  Heaps,  Buins. — Signs  of  old  workings, 
such  as  pits  and  rubbish>heaps,  often  tell  useful  tale&  When 
workings  were  shallow,  miners  put  down  shafts  in  close  proxi- 
mity, and  the  line  of  a  series  of  shafts  and  rubbish-heaps  will 
give  a  fairly  correct  idea  of  the  strike  of  a  lode.  The  rubbish- 
heaps  will  show  what  was  the  ore  worked,  and  with  what  it  was 
associated. 

It  even  happens  that  mining  refuse,  thrown  away  as  worth- 
less in  the  days  when  dressing  appliances  were  crude  and  rough, 
will  pay  for  being  worked  over  again.  On  the  other  hand,  it 
is  not  safe  to  conclude  that,  because  it  paid  to  work  a  mine  some 
centuries  ago,  the  same  ore  will  yield  a  greater  profit  or  even  be 
worth  working  nowadays.  The  change  in  the  value  of  the  precious 
metals,  and  the  change  in  the  remuneration  of  the  labourer, 
must  be  duly  weighed  before  a  decision  can  be  arrived  at. 

It  is  important  to  ascertain  why  the  old  mines  were  aban- 
doned. If  no  good  reason,  such  as  a  sudden  inrush  of  water, 
or  the  breaking  out  of  a  war,  for  instance,  can  be  assigned  for 
the  stoppage,  it  is  usually  safe  to  assume  that  no  great  riches 
have  been  left  in  sight;  statements  to  the  contrary  must  be 
very  carefully  sifted. 

In  1597  Sir  Walter  Raleigh  started  in  search  of  ''  Manoa,  the 
imperial  city  of  Guiana,  which  the  Spaniards  call  El  Dorado," 
and  on  his  return  published  a  fascinating  account  of  his  adven- 
tures. The  existence  of  gold  in  Guiana  has  since  generally 
been  regarded  with  incredulity,  and  one  frequently  comes  across 
allusions  to  the  **  El  Dorado  myth.''  The  rapid  increase  in  the 
gold  production  of  British  Guiana  alone  has,  however,  proved 
the  substantial  accuracy  of  Sir  Walter  Raleigh's  record. 

An  interesting  example  of  the  reopening  of  old  workings  was 
afforded  by  the  Darien  Gold  Mine  in  the  Republic  of  Colombia. 
Ancient  Spanish  records  tell  of  the  fabulous  riches  of  the 
Espiritu  Santo  vein,  and  bring  the  history  of  the  mine  down 
to  the  year  1727,  when  the  workings  were  abandoned  owing  to 
the  attacks  of  hostile  Indians.  Surface-workings  resembling  a 
long-deserted  quarry,  covered  with  dense  forest,  were  discovered 
by  Mr.  E.  R.  Woakes,  and  proved  to  be  the  celebrated  Espiritu 
Santo  Mine.  After  an  adit  level  iioo  feet  in  length  had  been 
driven  to  unwater  the  mine,  the  long-lost  wealth  was  opened  up, 
and  in  1894  the  old  workings  200  feet  below  the  surface  were 
found  exactly  as  they  had  been  left  when  hurriedly  abandoned 
some  200  years  before. 
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Minerals  that  were  at  one  time  worthless  or  even  regarded 
as  obnoxious,  such  as  nickel  and  cobalt  ores,  or  zinc  blende, 
become  valuable  by  the  discovery  of  new  or  improved  processes 
of  manufacture  or  smelting.  Several  instances  of  this  kind  have 
occurred  recently.  Some  fifty  years  ago  the  outcrops  of  beds 
of  impure  carbonate  of  manganese  in  North  Wales  were  worked 
for  the  black  oxides,  the  gozzans,  in  fact,  which  had  been  pro- 
duced by  the  weathering  of  the  deposit  near  the  surface.  The 
undecomposed  carbonate  was  at  that  time  of  no  value,  and  was 
carefully  separated  by  cobbing  and  rejected ;  and  the  workings 
had  to  be  abandoned  when  the  black  oxide  diminished  in 
quantity  at  a  shallow  depth,  and  was  replaced  by  unweathered 
ore.  Owing  to  the  use  of  f  erro-manganese  in  making  steel,  the 
carbonate  can  now  be  utilised,  and  the  ore  is  regularly  mined 
and  sent  to  the  blast-furnaces  to  be  smelted  with  iron  ore. 
Similarly  the  developments  in  the  manufacture  of  special  steels 
has  led  to  the  demand  for  the  ores  of  nickel,  tungsten,  chromium, 
vanadium,  and  molybdenum.  Monazite,  a  silicate  containing 
rare  earths,  was  merely  a  scientific  curiosity  until  Auer  von 
Welsbach  introduced  the  incandescent  mantle  for  gas  lighting. 
Calcite  is  now  required  for  the  polarisation  apparatus  for  the 
sugar  industry,  mica  in  the  electric  industry,  magnesite  for 
lining  open-hearth  steel  furnaces,  china  clay  in  paper  manufac- 
ture, and  phosphates  as  fluxes  in  iron  manufacture  with  the 
object  of  obtaining  highly  phosphatic  slags  for  use  in  agriculture. 

On  the  other  hand,  the  discovery  of  a  new  process  may  be  the 
means  of  causing  a  mine  to  be  unprofitable.  The  discovery  by 
Weldon  of  a  method  of  regenerating  the  oxide  of  manganese 
used  in  making  bleaching  powder,  seriously  affected  manganese 
mining  by  lessening  the  demand  for  the  ore. 

Old  mine  plans,  reports,  and  deeds  should  be  consulted  when 
available ;  and  information  should  be  sought  from  official  geolo- 
gical surveys  and  mining  records  when  they  exist,  as  they  do  in 
Great  Britain.  A  prospector  told  the  author  a  few  years  ago  that 
he  missed  securing  some  manganese  properties  in  North  Wales, 
from  not  being  aware  that  a  government  geological  map  of  the 
district  had  been  published,  showing  some  of  the  outcrops  of  the 
manganiferous  bed. 

Slag  heaps  afford  indirect  evidence  of  mining,  and  like  old 
rubbish-heaps  may  occasionally  be  worth  smelting.  The  most 
notable  instance  of  late  years  has  been  the  profitable  treatment 
of  such  heaps  at  Laurium,  in  Greece. 

Ruined  cities,  or  other  indications  of  a  country  having  been 
more  thickly  populated,  are  sometimes  adduced  as  proofs  of  its 
mineral  wealth.  Where  it  is  possible  to  show,  from  remains 
found  in  the  towns  or  encampments,  that  the  inhabitants  were 
engaged  in  mining  or  smelting  operations,  the  prospector  may 
fairly  lay  stress  upon  evidence  of  this  kind.     It  has  often  been 
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supposed  that  some  of  the  old  entrenchments  in  Cornwall  were 
made  for  the  protection  of  diggers  or  smelters  of  alluvial  tin 
ore  ;  and  after  the  careful  explorations  of  Mr.  J.  Theodore  Bent 
at  Zimbabwe,  in  Mashonaland,  most  persons  will  be  disposed  to 
agree  with  him  that  this  old  city  and  its  fellows  owed  their 
existence  to  gold  mining.  Numerous  prospecting  claims  have 
been  pegged  out  in  several  districts  in  Rhodesia  and  in  Egypt 
almost  entirely  on  the  strength  of  the  existence  of  old  pits  and 
opencuts;  and  many  of  the  copper  mines  of  Lake  Superior 
were  opened  upon  the  site  of  excavations  made  by  prehistoric 
workers. 

Names  of  Places.— Local  names  may  sometimes  supply  infor- 
mation, either  by  denoting  some  natural  feature  connected  with 
the  deposit,  or  by  recording  in  some  way  the  existence  of  mine 
workings.  They  will  be  found  in  all  languages,  and  it  is  neces- 
sary only  to  give  a  few  instances.  "  Cae  Coch,"  near  Trefriw, 
in  Carnarvonshire,  means  the  "  red  field,"  from  the  chalybeate 
springs,  which  are  due  to  the  existence  of  a  workable  bed  of 
iron  pyrites.  "  Graig  Goch,"  or  "  red  rock,"  a  name  which  is 
not  uncommon  Tor  mines  in  Wales,  denotes  no  doubt  that  the 
vein  was  discovered  by  a  red  ferruginous  outcrop,  and  so  does 
the  name  "  Fron  Goch  '*  or  "  red  breast.'*  Red  Mountain,  near 
Birmingham,  Alabama,  owes  its  name  to  the  outcrop  of  an  im- 
portant bed  of  iron  ore.  "  Glasdir,"  meaning  "  blue  ground," 
is  the  name  of  a  copper  mine  in  North  Wales.  Probably  the 
locality  was  so  called  in  consequence  of  the  blue  colour  given  to 
rocks  or  stones  by  coppery  minerals  derived  from  chalcopyrite 
near  the  surface.  **  Balmy nhir,"  or  the  '*  diggings  at  the  long 
stone,"  denotes  workings  for  tin  in  the  neighbourhood  of  a 
"  menhir "  or  erect  stone  in  Cornwall.  Sometimes  the  sub- 
stance is  named,  as  in  the  words  Tincroft,  Stahlberg  (steel 
mountain),  Porto  Ferraio  (iron  port)  in  Elba,  Gebel  Zeit  (oil 
mountain)  on  the  shores  of  the  Red  Sea,  Yenangyaung  (creek 
of  oil),  the  site  of  the  petroleum  wells  in  Burmah.  The  names 
Leadhills  (Scotland),  Bleiberg  (Germany),  and  Gebel-el-Kohol 
(Tunis),  all  have  the  same  signification,  and  have  been  given 
from  the  existence  of  workings  for  lead  ore.  ^'Al  maden" 
means  *'  the  mine,"  and  turning  from  Spain  to  our  own  country, 
we  find  "  Minera,"  near  Wrexham,  with  a  similar  signification 
given  in  this  case  by  the  Romans,  instead  of  the  Moors.  The 
Smoky  Mountains,  in  North  Carolina,  were  called  by  the  Indians 
"  Unaka,"  from  their  word  "  Unakeh,"  meaning  "  white," 
because  they  obtained  white  kaolin  from  them. 

Salt  is  indicated  by  the  prefix  **Sal,"  "Salz,"  or  its  equivalent 
*'  Hall,"  in  numerous  names  of  places,  such  as  Halle  in  Prussian 
Saxony,  Reichenhall  in  Bavaria,  Hallein  in  Salzburg,  and  Hall- 
stadt  in  the  Salzkammergut.  Traces  of  the  Celtic  word  Hal, 
salt,  are  found  in  the  name  of  Pwlheli,  the  salt-pools,  in  Carnar- 
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vonshire.  The  "wica"  (Norse  name  (or  "bays")  yielded  salt 
(baysalt)  by  the  evaporation  of  sea  water ;  and  consequently  a 
place  For  making  salt  came  to  be  called  a  vych-houBe,  and 
Droitwich,  Nantwich,  and  Northwich  thus  derived  their  names. 
The  German  word  for  miner,  "Bergmann" — i.e.  mountain 
man  or  highlander — reminds  uB  that  the  old  ore-aeekera  were 
hillmen,  and  found  their  treasures  among  the  mountains,  and 
we  constantly  find  the  word  "  Berg''  (mountain),  or  its  equiva- 
lent in  other  languages,  forming  part  of  the  names  of  mines  or 
mining  towns.  Schneeberg,  Marienberg,  Freiberg,  in  Saxony, 
are  instances,  and  of  recent  date  we  have  Mount  Morgan  iu 
Qneensland,  and  Broken  Hill  in  New  South  Wales.  In  a'  list 
of  copper  mines  of  South  Australia  there   are   no   less  than 


twenty-six  names  of  mines  beginning  with  "Mount"  in  addition 
to  others  conteining  the  word  "bill"  or  "knob." 

Other  names  refer  to  mining  or  smelting  operations.  The 
village  of  Festarena,  near  Monte  Rosa,  was  evidently  so  called 
from  the  crushing  of  gold  ore  in  the  dayw  of  the  Roman.i. 
"  Oinderford,"  in  the  Forest  of  Dean,  points  to  old  heaps  of  iron 
slag,  and  such  a  niime  as  "  hammer  pond,"  in  the  Weald  of  Kent 
and  Sussex,  likewiae  tells  ns  of  iron  working  in  days  gone  by. 
Obsidian  was  largely  used  by  the  ancient  Mexicans  for  tools ; 
and  the  obeidian  deposit  is  still  known  as  the  "  Mountain  of 
Knives"  (Sierra  de  las  Navajas).  The  Bio  de  la  Plata,  or  river 
of  the  silver,  took  its  name  from  the  ornamentK  in  the  posses- 
sion of  the  natives,  while  the  name  of  Andes  is  derived  from  the 
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Fig.  92. 


Peruvian  word  **  anta,"  which  means  copper.  The  Gold  Coast 
was  the  name  appropriately  given  by  early  tradera  But  no 
stress  should  be  laid  upon  names ;  they  afford  at  most  an 
indication  of  the  existence  of  a  mineral,  without  any  evidence  of 
its  value  at  the  present  day. 

Divining  Bod.— Belief  in  the  divining  rod,  or  dowsing  rod, 
has  not  died  out  completely  even  in  Cornwall,  where  one  still 
meets  with  educated  persons  who  profess  to  be  able  to  discover 
mineral  veins  by  the  dipping  down  of  the  forked  hazel  twig 
when  they  walk  across  them. 

Fig.  91,  reduced  from  Agricola's  work,  **De  Re  Metallica," 
published  in  1556,  shows  old  German  miners  searching  for  veins 
with  the  rod. 

Dipping:  Needle.— In  the  special  case  of  magnetic  iron  there 
is  a  safer  guide.     In  Sweden  a  magnet,  suspended  so  that  it  can 

dip  in  any  direction,  is  regularly  used 
for  tracing  masses  of  magnetic  iron  ore, 
even  when  concealed  by  some  thick- 
ness of  drift  or  some  depth  of  water ; 
when  the  lakes  are  frozen  over  in 
winter,  this  kind  of  prospecting  is  easy. 
It  is  obvious,  too,  that  the  needle  might 
be  used  to  discover  the  positions  of 
deposits  of  ores  other  than  those  of 
iron,  when  magnetite  or  other  magnetic 
minerals  in  sufficient  quantity  are  asso- 
ciated with  thenu 

The  miner  carries  his  compass  care- 
fully over  the  ground,  and  on  approach- 
ing magnetic  ore  the  needle  dips 
towards  it ;  the  amount  of  dip  increases, 
until  at  last,  when  standing  directly 
over  the  deposit,  the  needle  becomes 
vertical,  and  remains  so  as  long  as  there 
is  a  strong  mass  of  ore  underneath  it. 
The  boundary  of  the  deposit  can  thus 
be  laid  down  on  a  map  with  some 
degree  of  accuracy. 
The  modification  of  the  Swedish  dipping  needle  shown  in 
Fig.  92,  borrowed  from  Brough's  "  Mine  Surveying,"  has  been 
adopted  in  the  United  States.  Improved  methods  devised  by 
Brooks,  Thal^n,  and  Tiberg  are  described  by  the  same  author. 
Throughout  the  Swedish  magnetite  districts,  the  Thal^n  and 
Tiberg  instruments  have  been  used  both  at  the  surface  and  in 
the  mines  themselves,  and  magnetic  plans  have  been  made  of 
nearly  all  the  deposits.  These  instruments  have  yielded  valuable 
indications  in  iron  ore  districts  in  America,  and  since  1 901 ,  advan- 
tage being  taken  of  the  magnetic  permeability  of  pyrrhotite,  have 
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been  largely  used  for  detailed  surveys  of  the  Sudbury  nickel 
deposits  in  Canada. 

ShoadingT- — The  prospector  seeks  for  natural  sections  of  the 
rocks  such  as  occur  in  cliffs,  or  in  river  valleys  and  their  tribu- 
tary gullies  and  gorges ;  hiU  brows  and  steep  slopes,  too,  bared 
more  or  less  completely  of  soil  by  rains,  &c.,  may  afford  him 
exposures  of  the  rocks,  and  in  such  positions  he  may  the  more 
likely  meet  with  lode- outcrops.  He  examines  the  materials 
constituting  the  river  beds,  especially  when  the  water  is  low  in 
the  dry  season^  often  digging  up  and  washing  portions  in  a  pan 
or  in  a  batea,  in  order  to  ascertain  whether  they  contain  traces 
of  the  heavy  ores  or  metals. 

If,  while  prospecting  in  a  valley,  he  discovers  stones  that  have 
the  appearance  of  having  once  belonged  to  veins  or  other  valu> 
able  deposits,  he  endeavours  to  trace  them  to  their  source,  and 
is,  perhaps,  rewarded  by  finding  similar  fragments,  but  less 
water- worn,  as  he  goes  up  the  stream.  Further  on  he  may 
come  upon  large  blocks  of  vein  stuff  lying  about,  and  finally  find 
the  veins  laid  bare  in  a  gorge,  or  at  the  bottom  of  a  brook,  or 
possibly  projecting  above  the  soil  in  the  form  of  huge  crags  of 
quartz  in  the  manner  already  described. 

Loose  pieces  of  veinstuff  found  lying  about  on  the  surface  are 
known  in  Cornwall  as  shocul-stonea ;  and  shoadinf/  is  the  term 
given  to  the  process  of  tracking  them  to  the  parent  lode. 

Trenching.— If  the  prospector  has  ascertained  the  existence  of 
a  lode  by  shoad-stones,  and  has  some  idea  of  the  position  of  the 
outcrop  which  lies  concealed  under  the  soil,  or  if  the  general  strike 
of  veins  or  ** reefs"  is  known,  he  proceeds  to  dig  trenches  deep 
enough  to  lay  bare  the  rock  across  the  presumed  line  of  strike, 
until  he  hits  upon  the  back  of  the  lode.  This  process  is  termed 
"costeaning"  by  the  Cornish  miner."  When  the  covering  of 
soil  is  too  'deep  for  trenching,  a  small  shaft  is  sunk  and  a  tunnel 
is  driven  out  at  right  angles  to  the  supposed  course  of  the  vein. 

The  outcrop  of  a  lode  lying  exposed  naturally  or  by  a  cross- 
trench  in  one  spot  can  be  further  traced  under  favourable  con- 
ditions by  longitudinal  trenching,  which  has  the  advantage  of 
possibly  indicating  the  position  of  some  of  the  more  profitable 
parts  of  the  deposit  or  '*  ore-bodies,"  and  at  the  same  time  is  a 
surer  operation  than  cross-trenching  at  intervals,  though  the 
latter  may  be  less  expensive. 

Loaming'  in  Australia  corresponds  to  shoading.  The  pro- 
spector washes  earth  from  the  base  and  slope  of  a  hill  till  the 
specks  of  gold  are  fairly  frequent,  and  then  endeavours  to  trace 
the  gold  uphill  to  the  lode  that  furnished  it.  When  he  can  no 
longer  get  gold  by  washing  he  concludes  he  has  gone  past  the 
outcrop  of  the  vein,  and  he  proceeds  to  search  for  it  by  trench- 
ing. Lodes  have  been  discovered  in  this  way  which  showed  no 
surface  indication  whatever. 
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Hushing. — Hushing  cousists  in  causing  a  stream  of  water  to 
rush  down  a  hillside^  and  cut  a  ditch  through  the  soil,  which  will 
lay  bare  the  outcrops  of  veins,  if  any  exist.  A  reservoir  is  made 
at  some  suitable  spot  on  the  high  ground,  and  a  shallow  gutter  is 
dug  down  the  slope  along  the  line  which  it  is  proposed  the  stream 
should  take.  The  water  is  allowed  to  run  down  gently  at  first, 
and  then  as  a  torrent,  which  scours  out  a  trench  to  the  solid 
rock.  An  examination  of  the  trench  and  of  the  stones  washed 
out  of  it  may  result  in  the  discovery  of  a  vein.  If  the  soil  be 
very  thick,  the  hushing  may  have  to  be  repeated  when  a  supply 
of  water  is  available. 

Probing.— In  some  special  cases  when  the  mineral  lies  very 
near  the  surface,  and  is  either  harder  or  softer  than  the  sur- 
rounding rock,  the  searcher  makes  use  of  a  sharp-pointed  steel 
rod,  which  he  thrusts  into  the  ground.  The  well-known  French 
burr-stones,  lying  in  soft  sand  and  clay  at  a  depth  of  lo  to  i8 
feet,  are  found  in  this  way ;  whilst  in  the  Isle  of  Man  super- 
ficial pockets  of  umber  in  the  Carboniferous  Limestone  are 
detected  by  the  ease  with  which  the  rod  runs  down. 

Kauri  gum,  a  semi -fossil  resin  of  New  Zealand,  which  occurs 
in  lumps  from  the  size  of  a  walnut  to  that  of  a  cocoa-nut  a  few 
inches  below  the  surface  in  the  high  ground,  and  a  few  feet  in 
the  swamps,  is  sought  for  by  a  somewhat  rapier-like  tool  called 
a  *' gum-spear."  It  is  a  light  pointed  iron  rod  fixed  in  a 
"  crutch  ''or  **  D  "  handle  like  that  of  a  spade. 

Mr.  J.  G.  Lawn  states  that  in  the  Fumess  district  a  pointed 
iron  rod  is  occasionally  used  in  searching  for  shallow  deposits 
of  haematite,  lying  within  6  or  8  feet  of  the  surface.  The  miner 
examines  the  point  of  the  rod  after  thrusting  it  through  the  thin 
covering  of  soil,  and  if  he  finds  it  to  be  red,  he  concludes  that 
there  is  iron  ore  underneath.  If  the  indications  are  sufficient, 
he  sinks  a  little  pit  and  begins  to  work  the  ore. 

The  valuable  bed  of  phosphatic  nodules  in  South  Carolina  is 
much  harder  than  the  overlying  sand  and  clay ;  the  prospector, 
carrying  a  steel  rod,  works  it  down  until  he  meets  with  the 
resisting  stratum.  He  notes  the  depth,  which  is  under  15  feet, 
as  no  phosphate  is  at  present  worked  deeper  than  that,  and 
after  walking  on  100  feet  farther  forces  the  rod  down  again. 
By  thrusting  down  the  rod  at  regular  intervals  in  this  way,  and 
noting  the  results,  he  obtains  a  general  idea  of  the  lie  of  the 
phosphate  bed,  and  proceeds  to  make  a  more  minute  examina- 
tion by  sinking  exploratory  pits,  10  feet  by  5  feet,  at  intervals 
of  500  feet.  The  phosphate  rock  laid  bare  is  taken  out,  care- 
fully sampled  and  analysed,  and  in  this  way  a  very  fair  estimate 
can  be  made  of  the  yield  of  a  given  area. 

Much  in  the  same  way  the  Burmese  prospector  ascertains  the 
depth  through  clay  to  alluvial  gem-gravels  by  means  of  a  bamboo 
rod. 
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The  transition  from  the  probe  to  the  hand-auger,  or  to  some 
handy  portable  set  of  boring  tools,  is  a  very  natural  one. 

The  process  of  testing  a  bed  of  mineral  by  pits  is  sometimes 
carried  out  on  a  very  extensive  scale.  According  to  Winchell, 
$60,000  were  spent  in  mere  explorations  at  the  Biwabik  Iron 
Mine,  in  the  Mesabi  Range,  Minnesota ;  but  in  this  case  the 
pits  were  practically  small  shafts,  many  of  which  exceeded  100 
feet  in  depth. 

Qualifications  of  the  Prospector. — From  the  above  observa- 
tions it  will  be  seen  that  the  miner  is  greatly  aided  in  his  search 
by  a  variety  of  natural  indications ;  but  in  a  new  and  unsettled 
country  the  physical  difficulties  of  travel  are  often  so  great,  that 
strength  of  body  and  the  capability  of  supporting  fatigue  and 
hardships  become  some  of  the  most  important  qualifications  of 
the  prospector.  He  should  have  a  general  knowledge  of  geology, 
and  understand  mineralogy  sufficiently  to  recognise  all  the 
common  and  valuable  minerals  and  their  ordinary  associates, 
and  to  confirm  his  opinion  by  simple  tests.  The  pick,  shovel, 
and  pan  should  be  handled  with  ease,  as  well  as  the  rifle  and 
the  gun.  Keen  and  good  eyesight  is  a  sirte  qua  rum ;  a  myopic 
prospector  would  fail  to  recognise  natural  features,  and  a  colour- 
blind person  would  not  be  struck  by  important  differences  of  tint. 

The  mode  of  discovering  minerals  by  boring  is  a  subject  of  so 
much  importance  that  it  requires  a  separate  chapter. 
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CHAPTER    III. 

BORING. 

TJseB  of  Bore-holes.— The  uses  of  bore-holes  are  numerous : — 

1.  To  reach  a  mineral  deposit  by  a  small  hole  and  ascertain  its  nature, 

depth  from  the  surface,  thickness,  dip,  and  strike,  with  the  object 
of  working  it  if  possible  ;  also,  to  search  for  faulted  parts. 

2.  To  ascertain  the  nature  of  the  subjacent  rocks  for  engineeriog  pur- 

poses, such  as  their  suitability  for  railways,  canals,  locks,  sewers, 
or  foundations  of  bridges  and  buildings. 

3.  To  obtain  liquids,  such  as  ordinary  water,  mineral  water,  brine,  or 

petroleum,  which  either  rises  to  the  surface,  or  have  to  be  pumped 
up  from  a  certain  depth. 

4.  To  make  absorbent  wells  in  dry  and  porous  strata. 

5.  To  obtain  gases,  such  as  natural  inflammable  gas,  carbonic  acid  gas, 

or  vapours  containing  boric  acid. 

6.  To  drain  off  gas  from  rocks,  and  water  or  gas  from  mine  workings. 

7.  To  make  passages  for  conveying  power  into  underground  workings 

by  steam,  water,  wire-ropes,  or  electricity. 

8.  To  put  signal  wires  or  speaking  tubes  into  underground  workings. 

9.  To  introduce  cement  into  unsound  foundations  in  order  to  strengthen 

them,  and  also  into  mine-workings  in  order  to  dam  back  water. 

10.  To  sink  holes  for  lightning  conductors,  house-lifts,  or  piles. 

11.  To  sink  mine  shafts. 

The  methods  of  boring  holes  *  for  these  purposes  are : — 

I.  By  rotation. 
II.  By  percussion,  with  rods. 
III.  By  percussion,  with  ropes. 

The  deepest  bore-hole  yet  put  down,  at  Paruschowitz  in 
Upper  Silesia,  attained  in  1893  a  depth  of  6566  feet. 

I.  BOBINO  BY  ROTATION. 

Auger. — Soft  rocks,  such  as  clay,  soft  shale,  sandy  clay,  and 
sand  can  be  bored  by  an  open  auger  (Fig.  93),  like  the  well- 
known  carpenter's  tool. 

The  mode  of  working  consists  in  twisting  the  tool  round  by 
means  of  a  cross-head  or  spanner,  and  lengthening  it  as  the  hole 
is  deepened.  The  lengthening  rods  are  made  of  wood  or  iron, 
the  iron  ones  being  il  inch  gas-pipe,  with  screwed  pin  and  box 
ends  welded  on.  Even  when  iron  rods  are  used,  some  made  of 
pine,  4  inches  by  4  inches,  are  added  in  order  to  take  off  part 

*  Similar  methods  are  occasionally  employed  for  extraordinary  blasting 
purposes,  e.g,f  in  removing  obstructions  in  the  way  of  navigation  in  rivers 
and  harbours,  in  open-cast  working^,  sinkings,  &c. 
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of  the  heavy  weight  by  their  buoyancy  in  water.  For  raising 
the  rods  an  iron  or  wooden  derrick  is  employed,  such  as  is  shown 
in  the  figure  94.  It  is  30  feet  high,  so  as  to  give  room  for 
pulling  up  a  rod  of  the  usual  length  of  15  feet,  which  is  drawn 


Flo.  93. 
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up  by  means  of  a  crab-winch,  with  a  i^  inch  iron  or  steel  wire 
rope.  The  winch  is  worked  by  hand  or  horse-power  as  required. 
The  top  rod  is  made  of  square  iron,  and  the  cross-head  or  capstan 
spanner  can  be  fixed  to  it  at  the  height  most  convenient  for 
handling. 

The  process  of  boring  consists  in  turning  the  rod  by  two  men 
at  the  capstan  until  the  working  tool  has  filled  itself;  it  has 
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Fig.  95. 
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Fia.  96. 


then  to  be  drawn  up  and  emptied.  In  drawing  up,  each  rod 
has  to  be  unscrewed  and  taken  off,  and  the  process  is  reversed 
when  the  tool,  after  having  been  cleaned  out,  is  again  lowered. 

In  favourable  strata,  holes  are  bored  400  feet  deep  at  the 
rate  of  25  feet  a  day  by  this  method.  It  is  obvious  that,  owing 
to  the  time  occupied  in  raising  and  lowering  the  rods,  the  first 
part  of  the  boring  is  performed  at  a  much  greater  speed  than 
the  last. 

In  order  to  obviate  the  loss  of  time  which  ensues  in  raising 
and  lowering  the  rod,  for  the  purpose  of  extract- 
ing the  contents  of  the  auger,  a  current  of  water 
may  be  sent  down  through  the  hollow  rod,  and 
made  to  ascend  in  the  annular  space  between  it 
and  the  side  of  the  hole  with  sufficient  velocity 
to  carry  up  the  debris. 

Fig.  95,  borrowed  from  Darley,  shows  the 
derrick  and  general  arrangement  of  the  plant: 
a  is  the  boring  road  made  of  2^  inch  (internal 
diameter)  gas-pipe  or  lap-welded  iron  pipe,  in 
lengths  of  25  feet.  The  separate  rods  are  joined, 
as  shown  in  Fig.  96,  by  screwed  spigot  and 
socket  connections  which  are  riveted  on. 

The  short  topmost  piece  of  rod  b  (Fig.  97), 
carries  the  chamber  e,  at  the  base  of  which  the 
head  of  b  can  revolve  freely.  On  the  same  rod 
b  is  keyed  the  spur-wheel  d.  This  is  actuated  by 
the  pinion  e  upon  the  vertical  shaft  /,  which 
receives  its  motion  from  the  horizontal  shaft  h 
(Fig.  95),  through  a  belt  and  the  mitre  wheels  g. 

The  boring  rod  is  driven  at  a  speed  of  80  to 
ICO  revolutions  per  minute.     It  is  easy  to  under- 
stand from  the  figure  how  the  rope  drums  j  are 
worked  from  the  same  shaft  h  at  slow  or  high  speed  by  using 
one  or  other  of  the  two  clutches  upon  this  shaft.     Water  is 
pumped  into  r  by  a  hose,  descends  the  rod,  and  passing  through 
the  bit  ascends  with  the  sludge  and  chips  of  rocks. 

As  the  bit  and  rods  descend,  the  carrier  under  the  spur- 
wheel  d  follows  them,  and  also  the  pinion  e,  which  is  loose  upon 
the  square  shaft/. 

Fig.  98  represents  a  favourite  form  of  cutting  tool  or  boring 
bit,  which  begins  by  making  a  small  hole  and  then  speedily 
enlarges  it  to  the  full  diameter. 

As  the  lining  tubes  are  usually  7  inches  in  diameter,  the 
annular  space  between  the  tube  and  the  boring  rod  is  large, 
and  this  is  diminished  by  adding  a  lagging  of  wood  (shown  in 
Fig.  96)  for  the  purpose  of  increasing  the  velocity  of  the  upward 
current  and  so  promoting  the  discharge  of  the  debris. 

The  rapidity   with   which    some   holes    are   bored    by   this 
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machinery  is  considerable.  Mr.  Darley  mentions  that  a  hole 
had  been  bored  to  the  depth  of  500  feet,  and  cased  all  the  way 
in  II J  days,  including  the  time  occupied  in  putting  up  the 
derrick. 

Another  rotatory  method  for  sinking  wells  or  exploring  in 
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soft  or  moderately  hard  ground  consists  in  revolving  the  casing 
or  lining  tube,  which  is  shod  with  hard  steel  teeth,  whilst  a 
stream  of  water  is  forced  down  through  it ;  the  water  ascends  in 
the  narrow  annular  space  between  the  tube  and  the  sides  of  the 
hole.  The  core  is  gradually  washed  away  by  the  descending 
current,  and  the  inventors  claim  that  any  clay  carried  up  by  the 
water  forms  in  time  a  protecting  shell  to  the  sides  of  the  bore- 
hole, if  composed  of  very  loose  strata.  They  even  send  down 
clay,  chaff,  bran,  or  cement  by  the  tube  for  tbe  express  purpose 
of  its  making  a  resisting  lining  shell.  In  the  alluvium  of  the 
Mississippi  at  New  Orleans  a  7-inch  well  was  bored  in  this 
manner  500  feet  deep  in  48  hours. 

For  boring  holes  not  exceeding  40  or  50  feet  (12  to  15  m.) 
in  depth,  which  may  be  required  for  geological  surveys  or  for 
investigating  shallow-lying  deposits,  a  convenient  portable  set 
of  tools  has  been  arranged  by  Messrs.  Van  den  Broeck  and 
Kutot.  It  consists  of  the  following  parts:  (i)  a  series  of  rods 
4  feet  I  inch  (1*25  m.)  long,  which  can  be  put  together  by  screw 
joints ;  (2)  either  a  chisel  cutter  or  a  twisted  auger,  for  doing 
the  actual  boring ;  and  (3)  a  handle  which  is  attached  to  the 
topmost  rod.  As  accessory  parts,  there  are  spanners  for  un- 
screwing the  rods,  a  key  for  supporting  the  rods  during  this 
operation,  and  a  second  handle  which  can  be  fixed  on  any  part 
of  the  line  of  rods  if  more  force  is  required  for  the  work.  By 
a  very  ingenious  clip,  each  joint  can  be  so  fixed  that  it  cannot 
become  unscrewed  during  the  process  of  boring.  The  diameter 
of  the  large  auger  is  i^  inch  (45  mm.)  and  the  cutting  part  has 
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two  wings  which  are  of  service  in  penetrating  the  ground. 
The  chisel  is  used  for  hard  seams,  such  as  iroostone,  grit,  and 
beds  contuning  fossils  or  pebbles ;  like  the  auger,  it  is  i^  inch 
across.  The  apparatus  is  very  portable,  for  no  part  is  more 
than  4  feet  i  inch  long;  each  rod  weighs  4'4  lbs.  (2  kil.),  and 
the  total  weight  of  all  the  plant  required  for  making  a  boring 
40  feet  deep  is  only  64  lbs.  (29  kil.). 

Oore-DriUs. — Diamond  Dfilla.— The  most  important  kind  of 
boring  by  rotation  is  done  with  the  diamond  drill.     The  work- 
ing part  of  the  drill  consists  of  the  so-called 
crown,  which  is  a  short  piece  of  tube  made  Fio.  99. 

of  cast  steel,  at  one  end  of  which  a  number 
of  black  diamonds  are  fastened  into  small 
cavities.  The  crown  is  screwed  on  to  wrought- 
iron  pipes,  which  constitute  the  boring  rod. 
This  is  made  to  rotate,  and  the  result  is  that 
an  annular  groove  is  cut  at  the  bottom  of  the 
bole,  leaving  a.  core  which  often  breaks  off 
of  itself,  is  caught  by  a  little  shoulder,  and 
brought  out  with  the  rod  (Fig.  99).  In  places 
where  it  is  not  necessary  to  m^e  any  veri- 
fication of  the  rocks  traversed,  the  crown  may 
be  arranged  with  diamonds  in  the  centre 
also,  so  that  the  whole  of  the  bottom  of  the  hole  is  ground  away. 
The  debris  in  either  case  is  washed  away  by  a  stream  of  water, 
which  is  forced  down  the  tube  and  flows  up 
the  sides  of  the  hole.  Fig.  100. 

In  order  to  prevent  capital  from  being         /i53-C\ 
locked  up  iH  B,  stock  of  large  crowns,  Messrs.      /'f^      ^"^S 
Docwra  sometimes  fix  the  diamonds  in  steel     i;/  p. 

plugs,  which  will  fit  holes  in  any  ring.     The    li '"^ r.j 

diamonds  can  then  easily  be  taken  out  of     ^  /j 

one  crown  and  placed  in  another  without  Vi^j^  ^^-^ 
resetting.  ^^^:^^^^ 

The  crown  represented  in  Fig.  100  was  the 
largest  employed  at  the  deep  boring  at  Northampton.  It  was 
screwed  to  a  tube  30  feet  long  (Fig.  101),  which  enabled  cores  of 
almost  that  length  to  be  cut  without  withdrawing  the  tool.  The 
object  of  the  open  sediment-tube  above  the  core-tube  was  to  catoh 
any  coarse  particles  too  heavy  to  be  carried  up  by  the  water,  as 
well  as  any  fragments  falling  from  the  sides  of  the  bole. 

Though  pieces  of  the  core  often  broke  off  of  themselves  and 
came  up  in  the  tube,  it  was  necessary  to  use  the  extractor 
(Fig.  102) ;  it  consisted  of  a  ring  A,  which  was  screwed  by  a  few 
threads  to  the  core-tube  in  the  place  of  the  crown.  On  reach- 
ing the  bottom  of  the  hole  the  screwing-up  was  continued,  and 
the  descent  of  the  portion  0  giwlually  forced  down  six  teeth, 
snch  as  B,  into  the  position  shown  by  B',  gripping  the  core 
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tightly.     If  not  broken  off  completely  by  this  action,  it  gave 
way  when  the  tube  was  pulled,  and  came  up  inside  it. 

The  **  Dauntless"  (Fig.  103)  is  one  of  the  diamond  drills  made 

by  the  Bullock  Manufacturing  Company,  of 
Chicago,  for  boring  prospecting  holes,  and 
is  capable  of  drilling  a  2 -inch  hole  to  a 
depth  of  more  than  2000  feet,  and  furnish- 
ing cores  of  i  j^  inch  in  diameter.  Its  price 
at  Johannesbiu-g  is  about  ;£^i5oo,  and  its 
weight  26,400  lbs.  Cores  showing  visible 
gold  have  been  brought  up  from  a  hole 
2500  feet  deep,  bored  by  one  of  these  drills 
near  Johannesburg. 

The  machine  is  constructed  as  follows: 
A  is  one  of  a  pair  of  cylinders,  driven  by 
steam  or  compressed  air,  which  work  the 
bevel  wheel  B  by  gearing.  The  feed-screw 
CC  can  slide  readily  up  and  down  through 
B;  but  as  B  carries  a  feather  lying  in  a 
slot  in  C,  the  latter  is  driven  round  when 
the  former  rotates.  D 
is  the  crown  set  with 
diamonds,  screwed  on 
to  the  first  piece  of 
boring  tube  0",  attached 
to  0  by  the  chuck  C. 
The  hose,  E,  coming 
from  a  special  pump, 
brings  in  a  continuous 
supply  of  water  which 
passes  down  C  and 
.i.  comes  out  through  D. 
F',  F",  F"',  and  G',  G", 
G'",  constitute  the  differential  feed-gear  for  causing  the  feed- 
screw C,  and  consequently  the  bit  D,  to  descend  as  the  hole  is 
deepened. 

F',  F",  and  F"'  are  connected  with  B  so  that  they  revolve 
when  it  does ;  G',  G",  and  G'"  are  loose  upon  the  counter-shaft, 
but  any  one  of  them  can  be  made  fast  to  it  by  operating  the 
clutch  H.  K  is  a  toothed  wheel  attached  solidly  to  the  bottom 
of  a  feed -nut  through  which  C  passes  ;  when  K  rotates  it  causes 
C  to  ascend  or  descend.  L  is  a  wheel  equal  in  size  to  K,  which 
it  drives  when  its  shaft  is  rotated  by  G',  G",  or  G"'. 

If  F'  and  G'  had  the  same  number  of  teeth  each,  one  revolu- 
tion of  B  would  make  one  revolution  of  G',  one  revolution  of  L, 
and  one  revolution  of  K  ;  consequently  the  feed-nut  attached  to 
K  would  be  revolving  at  the  same  rate  as  C,  and  C  would  not 
descend.     In  reality  G',  G",  and  G'"  have  a  slightly  smaller 


Dumber  of  teeth  than  F',  ¥",  and  F"' ;  tberefore  one  revolution 
of  F*  causes  elightly  more  than  one  revolution  of  G',  K  moves 
rather  faster  than  C,  and  C  de§cends  slowly,     As  arranged  in 


this  particular  case,  the  gear  V  U'  causes  C  to  descend  i  inch 
for  every  300  revolutions,  the  gear  F"  G"  gives  a  feed  of  i  inch 
for  every  450  revolutions,  and  F'"  G'"  a  simitar  feed  for  750 
revolutions.  The  driller  is  thus  enabled  to  regulate  his  feed  to 
the  hardness  of  the  rock  bored.  In  practice  these  three  speeds 
of  advance  have  been  found  sufficient. 
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M  is  a  drum  which  is  used  for  hoisting  the  rod  out  of  the 
hole ;  N  is  the  hinge  upon  which  the  whole  of  the  boring  head 
can  be  turned,  so  as  to  leave  the  mouth  of  the  hole  perfectly 
free  while  raising  or  lowering  rods.  O  is  the  thrust  register, 
upon  which  is  indicated  by  a  dial  the  resistance  exerted  by  the 
rock  against  the  bit.  This  is  an  addition  of  great  importance, 
for  by  watching  the  indicator  the  driller  can  detect  changes  in 
the  hardness  of  the  strata  passed  through,  and  can  measure  the 
exact  thickness  of  the  hard  and  soft  beds  before  he  has  seen 
either  the  cuttings  or  the  cores.  The  thrust  register  prevents 
the  possibility  of  drilling  through  a  bed  of  coal  or  other  mineral 
without  its  being  noticed,  as  has  happened  when  the  seam  was 
so  soft  that  it  failed  to  furnish  a  core.  The  rod  is  lengthened 
as  the  drilling  proceeds  by  screwing  on  piece  after  piece  between 
C  and  the  topmost  rod  projecting  above  the  hole. 

Mr.  Bullock  has  brought  out  a  contrivance  by  which  the  core 
can  be  drawn  up  through  the  hollow  boring  rods  without  remov- 
ing them  from  the  hole.  The  immense  saving  of  time  effected 
in  this  manner  is  of  supreme  importance  when  boring  at  great 
depths. 

The  large  rock  drill  used  by  the  American  Diamond  Bock 
Boring  Company,  for  putting  down  holes  to  a  depth  of  2000 
feet,  consists  of  a  20  horse-power  boiler  with  two  oscillating 
6-inch  cylinders  and  the  necessary  gearing  for  working  the 
drill,  all  mounted  on  a  carriage,  so  that  the  whole  machine  is 
readily  moved  from  place  to  place.  The  feed  is  effected  by 
gearing,  or  by  hydraulic  pressure,  a  2 f -inch  crown  is  employed, 
leaving  a  2-inch  core.  Each  separate  drill  rod  is  10  feet  long. 
The  total  weight  of  the  machine  is  about  four  tons. 

The  Victorian  Giant  Drill,  said  to  be  the  largest  and  most 
powerful  drill  in  Australia,  contains  some  improvements 
suggested  by  experience.  The  cylinders  are  7^  inches  in 
diameter,  and  are  made  stationary,  because  the  heavy  vibra- 
tions of  oscillating  cylinders  are  imparted  to  the  boring  rods, 
and  diamond  bit,  and  do  harm  to  the  machinery.  The  winding 
drum  has  a  friction  pulley  and  a  brake,  which  enable  the  rods 
to  be  lowered  without  working  the  engine,  and  so  prevent 
unnecessary  wear  and  tear.  Various  parts  are  strengthened, 
and  there  is  an  arrangement  for  working  the  steam  expansively. 

Diamond  boring  is  expensive.  On  the  Witwatersrand  the 
average  tender  for  a  hole  3000  feet  deep  bored  by  contract  will 
work  out  to  about  37s.  6d.  per  foot.  In  West  Africa  the 
carrying-on  of  diamond  boring  by  one's  own  employes  is  cheaper 
than  contract  work.  Exclusive  of  the  cost  of  erecting  and  of 
management,  the  cost  in  sandstone  and  quartzite  is  about  i8s. 
per  foot  bored,  the  average  rate  being  about  9  feet  per  day, 
Sundays  excluded.  During  the  year  1889,  the  cost  of  prospect- 
ing for  gold  by  diamond  drills  in  Victoria  was  los.  3^d.  per  foot 
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bored,  exclusive  of  the  wear  and  tear  of  diamonds,  taking  the 
average  of  a  total  18,454  feet  bored.  The  cost  for  the  wear  and 
tear  of  diamonds  for  30,294  feet  bored  in  search  of  coal  and 
gold  is  put  down  at  J£^6ooo,  or  nearly  4s.  per  foot.  In  the 
borings  executed  by  the  Government  of  New  South  Wales,  the 
cost  for  diamonds  is  very  much  less,  varying  as  a  rule  from 
IS.  to  2S.  per  foot.  This  may  probably  be  accounted  for  by  the 
fact  that  most  of  the  New  South  Wales  bore-holes  were  made 
in  the  comparatively  soft  Carboniferous  strata,  whilst  some 
of  the  bore- holes  for  deep  leads  in  Victoria  had  to  traverse  hard 
basalt. 

The  cost  at  Broken  Hill,  where  a  boring  3  inches  in  diameter 
was  carried  from  1122  feet  to  a  depth  of  1880  feet  in  1889,  was 
;^i,  9s.  lo^d.,  or,  roughly  speaking,  30s.  per  foot,  exclusive  of 
office  salaries,  store  wages,  rent,  and  the  Superintendent  of 
Drills'  travelling  expenses.  The  rocks  traversed  were  gneiss, 
mica  schist,  and  quartzite,  sometimes  garnetif  erous.  The  average 
rate  of  boring  was  only  5*71  inches  per  hour,  whilst  in, the  sand- 
stone and  shale  of  the  Carboniferous  strata  there  was  a  progress 
of  9  to  31  inches  per  hour,  at  a  cost  (exclusive  of  the  items 
mentioned  above)  of  6s.  2d.  to  i8s.  4d.  per  foot.  The  average 
working  cost  of  7854  feet  bored  by  the  Department  of  Mines, 
New  South  Wales,  including  all  expenses,  was  14s.  3^d.  per 
foot.  Of  the  total  7854  feet,  no  less  than  7096  were  in  strata 
of  Carboniferous  age,  and  only  758  in  metamorphic  schists; 
the  holes  were  from  2^  inches  to  4  inches  in  diameter. 

With  reference  to  the  rate  of  boring,  it  must  be  remembered 
that  the  figures  given  refer  to  the  speed  obtained  while  the 
machine  was  at  work,  but  the  average  amount  of  deepening  of 
the  hole  at  Broken  Hill  during  the  year  was  little  over  2  feet 
per  day.  Omitting  Sundays,  there  were  313  working  days. 
Only  199,  or  less  than  two-thirds,  were  employed  in  boring ;  of 
the  remainder,  86  were  occupied  in  repairing,  15  in  reaming, 
4  by  delays,  9  by  holidays ;  the  working  day  was  eight  hours. 

The  amount  of  core  obtained  at  Broken  Hill  compared  with 
the  total  depth  bored  was  as  much  as  97^  per  cent.,  and  the 
average  for  the  total  7854  feet  referred  to  above  was  89*33  P®^ 
cent.,  a  very  excellent  result. 

Small  diamond  drills,  which  will  bore  in  any  direction,  and 
are  driven  by  hand,  compressed  air,  or  electricity,  are  largely 
used  underground  for  prospecting.  The  hand  drill  of  a  Swedish 
boring  company  gives  cores  I  inch  in  diameter.  Exploration  by 
these  small  machines  is  very  decidedly  cheaper  than  by  driving 
or  sinking  by  hand  in  hard  rocks,  and  fully  ten  times  as  quick. 
On  the  other  hand,  the  ground  is  not  opened  out  as  it  would  be 
by  a  shaft  or  drift,  and  the  sample  furnished  is  but  small. 

Several  good  veins  have  been  discovered  by  the  aid  of  the 
small  hand  machine  in  Scandinavia — for  instance,  a  copper  lode 


136  ORE  AND  STONE  MINING. 

IS  feet  (4'S  m.)  wide  at  Rdraaa,  and  iron  deposits  from  31  to  65 
feet  {10  in.  to  20  m.)  wide  at  Dannemoni  and  Peraberg. 

The  hand  power  drill  of  the  Bullock  Manufacturing  Company, 
Chicago,  which  is  largely  used  in  South  Africa,  is  a  somewhat 
similar  machine,  and  is  capable  of  boring  a  hole  of  i|  inch 
diameter,  with  a  44  i***^**  oore,  to  a  deptii  of  400  feet.  The 
machine  without  columns  weighs  only  izo  lbs. 

Machines  driven  by  compressed  air  are  often  employed  at  ore 
mines  in  the  United  States  for  exploratory  purposes.  Fig.  104 
shows  the  Little  Champion  prospecting  drill.  Two  inclined 
cylinders  drive  a  horizontal  crank-shaft,  which  works  bevel  gear, 

Fio.  104.  Fio.  105. 


causing  the  drill  to  revolve.  At  the  some  time  a  counter-shaft 
is  likewise  set  in  motion,  and  this  effects  the  advance  of  the 
drill  by  driving  the  feed-acrcw,  in  the  manner  already  explained 
in  the  description  of  the  "  Dauntless"  machine.  The  feed- 
screw and  its  connections  are  carried  by  a  swivel-head,  and 
this  can  be  turned  so  as  to  drill  holes  at  an  angle.  The  drum 
shown  above  the  cylinders  is  used  for  hoisting  out  the  drill-rods 
by  a  rope.  The  rods  are  lap-welded  iron  tubes  t§  inch  in 
diameter,  fitted  with  a  bayonet  joint. 

Another  light  portable  prospecting  drill  for  underground 
work  is  represented  in  Fig.  105.  It  is  intended  for  drilling 
holes  i^  inch  in  diameter  to  a  depth  of  150  feet.  The  cores 
which  it  yields  are  J  inch  in  diameter.  It  has  double  oscillating 
cylinders,  3^  inches  in  diameter  with  3^  inches  stroke,  which 
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are  ruu  up  to  a  speed  of  800  revolutioDS  a 
minute.  The  drill  can  be  set  to  bore  in 
any  direction  by  turning  the  swivel-head. 

The  Sullivan  prospecting  drill,  made  by 
the  Sullivan  Machinery  Company,  Clare- 
moDt,  New  Hampshire,  ia  a  diamond  borer 
driven  by  an  electric  motor  on  the  same 
frame  as  the  drill.  The  motor  also  works 
the  force  pump.  The  feed  is  not  by  toothed 
wheels  as  shown  in  the  figures,  but  by 
friction  gearing.  It  will  bore  at  anyangle 
to  a  depth  of  300  feet. 

Georgi's  electric  diamond  drill,  primarily 
intended  for  boring  holes  for  blasting,  can 
also  be  used  for  prospecting  underground. 

SubtliltUee  for  Diamonde. — Olaf  Terp 
uses  emery  instead  of  diamonds.  Id  some 
cases  he  puts  in  the  fragments  of  emery 
loose  at  the  bottom  of  the  hole  and  allows 
them  to  wedge  themselves  into  grooves  in 
the  boring  crown,  which  is  made  of  soft- 
metal  Another  plan  is  to  make  the 
boring  crown  entirely  of  emery.  The  speed 
of  rotation  is  three  or  four  times  as  great 
as  with  diamonds,  and  holes  can  be  bored 
from  ^  inch  {20  mm.)  to  3  feet  4  inches 
(i  m.)  in  diameter.  Beal  bores  with  small 
chilled  cast-iron  shot,  which  are  dropped 
into  the  hole  while  a  wrought-iron  tube  is  q 
revolving  in  it.  The  debris  is  carried  up 
by  water,  and  the  cores  are  extracted  in 
the  ordinary  way. 

Dacit  CaJyx  Drill— V.  H.  Davis  has 
developed  the  method  of  boring  with  a 
crown  of  steel  teeth  so  that  deep  boring  ^ 
can  be  successfully  carried  on  in  moderately 
hard  rocks.  Where  hard  rocks  alternate 
with  soft  rocks,  the  steel  crown  can  be  . 
made  exchangeable  with  a  diamond  one. 
The  ciown  and  the  sediment  tube  possess 
certain  peculiarites  which  distinguish  them 
somewhat  from  other  devices  of  the  same 
class.  The  TJavis  cutter  (Fig.  106)  consists 
of  a  steel  cylinder,  the  upper  part  of  which 
terminates  in  a  screw,  and  the  remainder 
of  the  shell  is  gulleted  and  the  lower  end 
formed  into  a  aeries  of  long  sharp  teeth 
set  in  and  out  alternately  like  those  of  a 
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saw.  The  teeth  are  readily  re-sharpened  on  an  anvil,  and 
when  worn  down  their  length  can  be  renewed  by  nipping 
out  a  piece  of  the  gullet.  The  crown  A  (Fig.  io6)  is 
screwed  into  a  core-barrel  B,  and  the  latter  is  attached 
to  the  hollow  rods  by  means  of  a  reducing  plug  C,  which 
serves  as  a  bottom  to  a  long  sediment  tube  D,  or  series 
of  tubes  termed  the  "  calyx."  In  beginning  work,  the  rods 
undergo  torsion  until  they  overcome  the  bite  of  the  teeth  ;  then, 
it  is  asserted,  the  rock  gives  way  suddenly,  and  the  teeth  make 
a  jump  till  they  again  bite  the  rock,  when  the  torsion  and  jump 
are  repeated ;  the  boring  proceeds  by  a  succession  of  jerks  or 
blows  rather  than  by  a  steady  cutting  or  grinding.  The  abraded 
particles  are  flushed  upwards  by  water  which  is  pumped  down 
the  hollow  rods,  as  in  the  diamond  drill.  It  is  claimed  that 
practically  all  the  detritus  is  collected  in  the  *'  calyx,"  which  is 
sometimes  loo  feet  long,  and  in  general  much  longer  than  the 
ordinary  sediment  tube.  When  the  core  is  to  be  drawn,  a  few 
handfuls  of  grit  are  dropped  down  the  hollow  rods.  The  grit 
packs  so  tightly  between  the  core  and  the  barrel  that  when 
the  rods  are  raised  the  core  is  broken  ofiE  and  brought  to  the 
surface. 

U.—BOBINa  BY  PEB0T7SSI0N  WITH  BODS. 

Iron  Bods.— The  rods  are  either  of  iron  or  wood.  In  France 
preference  is  given  to  iron,  and  the  following  details  relate 
to  modes  of  construction  employed  by  M.  Paulin  Arrault,  of 
Paris. 

The  actual  boring  apparatus  consists  of  the  cutting  tool,  the 
rods,  and  the  driving  machine ;  but  in  addition  it  is  necessary 
to  have  clearing  tools,  and  appliances  for  remedying  accidents, 
lining  the  bore-holes,  and  obtaining  samples  of  the  rocks 
traversed.  * 

Cutting  Tools, — ^The  actual  cutting  tool  is  usually  a  chisel 
(Fig.  107)  of  some  kind  ;  for  soft  rocks  the  edge  is 
Fio.  X07.  straight ;  for  hard  rocks  there  are  wings  to  guide 
the  tool  and  keep  the  hole  vertical,  or  even  special 
guides  above  it.  For  diameters  not  exceeding  40 
inches  (1  m.),  there  is  usually  only  one  chisel ;  but 
the  actual  cutting  blade  is  sometimes  made  in  a 
separate  piece  fastened  by  gibs  and  cotters  to  the 
tool  carrier  (Fig.  118).  In  boring  larger  holes 
the  chisel  is  made  of  two,  three,  or  four  separate 
blades. 
Boring  Rods. — The  boring  rods  are  made  of  iron  of 
square  section.  The  usual  mode  of  connection  is  by  a  screw-joint 
such  as  is  shown  in  Fig.  108,  care  being  taken  to  have  all  the  bars 
alike,  so  that  any  two  bars  can  be  screwed  together.  M.  Arrault 
prefers  to  have  a  connecting  socket  (Fig.  109).     The  ordinary 
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rods  have  a  thread  at  each  end,  to  one  of  which  is  screwed  a 
socket  or  sleeve  which  is  fixed  by  a  pin.     This  socket  then 
receives  the  end  of  another  rod,  which  is  screwed  up  until  both 
ends  meet.    When  the  threcul  of  a  socket  becomes 
worn,  it  is  taken  off  and  put  on  to  the  other  end  Figs.  108  &  109. 
of  the  rod ;  in  a  similar  manner,  if  the  thread 
of  a  rod  is  worn,  the  socket  may  be  screwed  on 
to  it  and  the  unworn  end  used  in  the  process 
of   jointing    and    unjointing.      The    rods    are 
generally   screwed   up   to   the   right    and    are 
turned  in  that  direction  ;  but  in  special  cases  it 
may  be  necessary  to  have  the  sockets  fixed  by 
two  pins,  or  to  have  a  special  joint  or  a  left- 
handed  thread. 

The  height  of  the  tower,  derrick,  or  shears 
erected  above  the  bore-hole  should  be  some  multiple  of  the 
length  of  the  rods,  so  as  to  render  it  possible  to  detach  or  attach 
two  or  three  lengths  at  a  time,  instead  of  having  to  make  and 
unmake  every  joint. 

Arrault's  rods  vary  in  length  from  i  foot  8  inches  (050  m.) 
to  20  feet  (6  m.),  being  usually  an  exact  number  of  metres,  and 
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in  size  from  |  inch  (22  mm.)  to  3^  inches  (90  mm.)  on  the  side. 
They  have  two  shoulders  at  each  extremity,  so  that  the  upper 
one  can  be  used  with  the  lifting  hook  (Fig.  1 10)  when  the  lower 
is  resting  upon  the  key  (Fig.  iii). 

A  cap,  such  as  Fig.  112,  may  be  screwed  on  and  used  instead 
of  the  lifting  hook  for  raising  the  rods  by  the  rope. 

Working  the  Rod. — The  up-and-down  movement  of  the  rods 
may  be  obtained  in  various  ways.  For  depths  not  exceeding 
60  to  80  feet,  nothing  can  be  simpler  than  the  device  shown  in 
Fig.  113.  The  man  at  the  windlass  raises  the  rods  by  turning 
the  handle,  and  the  master  borer  detaches  them  and  causes  them 
to  fall  by  simply  pressing  down  the  end  of  the  hook,  which  he 
holds  in  his  right  hand.  The  chain  is  lowered,  the  hook  put 
in,  the  rods  are  raised  by  the  winch,  and  then  again  allowed 
to  fall,  the  master  borer  taking  care  to  turn  them  a  little 
each  time. 
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Fig.  114  shows  the  principal  tools  supplied  by  Arrault  for  a 
small  boring. 

For  greater  depths  a  lever  has  to  be  employed,  the  rods  being 
suspended  at  one  end,  while  the  other  can  be  pressed  down  by 
men  using  their  hands  or  feet.  The  spring  pole  is  another 
arrangement;  the  pole  is  pulled  down  to  make  the  stroke,  and 


itti  elasticity  lifts  the  rod  agniu.  The  length  of  the  stroke  tuin 
be  renilered  uniform  during  the  boring  by  means  of  a  screw  in 
a  swivel- head  at  the  top  of  the  rod. 

With  deep  holes,  and  especially  those  of  large  diameter,  ntoam 
machinery  has  to  be  employed  for  working  the  rod.  Arrault 
frequently  uses  a  winch  driven  by  steam.  The  chain  to  which 
the  rods  are  attached  passes  over  a  pulley  bung  from  a  derrick 
and  is  coiled  on  a  drum,  which  is  loose  upon  the  main  axle  of 
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the  winch;  it  can  be  thrown  in  and  out  of  gear  by  a  clutch 
moved  by  a  lever.  It  is  easy  therefore  to  raise  the  rods  by 
working  the  winch,  and  then  to  let  them  drop  by  simply  releaB- 
ing  the  clutch. 

Occasionally   a   direct-acting   engine   is  placed   immediately 
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I,  guide  tube ;  i,  bit  or  chisel  with  ningB ;  3,  straight  bit  or 
ohiwl;  4,  ordioary  open  scoop  or  wimble  ;  j,  scoop  or  nimble 
with  anger;  6,  closed  scoop ;  7,  sludger  with  ball  valve ;  S,  bell- 
screw  or  screw  grab ;  9,  auger ;  10,  combination  bit  and  sludger 
with  ball  valve  i  11,  combinatioD  auger  and  sladger  with  ^I 
valve;  is,  boring  rod;  13,  matching  piece;  14,  wrench  for  nii' 
screwing  rods;  15,  xnatcbtng  01  lengtheoing  piece;  16,  clamp; 
17,  clamp  with  eye;  18,  wrench  ;  19,  retaining  or  supporting  kej  ; 
30,  cap;  21,  tiller;  13, double  wrench;  33,  scrsper  ;  14,  picker. 

above  the  bore-hole,  but  a  commoner  arrangement  is  to  employ 
a  fiingle-aoting  cylinder  with  its  piston  acting  at  one  end  of  a 
beam,  while  the  rods  are  attached  to  the  other  end.  A  favourite 
plan  also  is  to  actuate  the  beam  by  a  connecting  rod  worked  by 
a  crank. 

Proeeae  of  Boring. — The  actual  machinery  has  now  been 
described,  and  the  mere  boring  appears  to  be  a  very  simple 
matter,  consisting  only  in  lifting  the  rod  a  little  and  allowing  it 
to  drop,  after  turning  it  slightly  before  each  stroke.  Never- 
theless the  process  of  putting  down  a  bore-hole  is  far  more  com- 
plicated than  it  might  seem,  for  there  are  numerous  operations 
which  take  up  much  time.  In  the  first  place  the  debris  must 
be  removed  by  a  clearing  tool,  and  before  this  can  be  lowered 
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the  cutting  tool  must  be  taken  off.  The  swivel-head  is  discon- 
nected, and  a  cap  screwed  on ;  a  length  of  rod  is  now  drawn  up 
by  a  hand  or  a  steam  windlass,  the  retaining  key  is  put  under 
a  shoulder,  and  the  joint  unscrewed  by  another  key.  It  is 
well  to  have  as  many  caps  as  there  are  lengths  to  be  drawn 
up,  and  then  each  length  can  be  suspended  in  the  boring  house 
or  derrick. 

As  soon  as  the  hole  is  free  the  clearing  tool  is  lowered,  either 
by  the  rods  in  precisely  the  same  way  as  the  boring 
Fig.  lie.    chisel,  or  by  means  of  a  rope  and  windlass.      The 
clearing  tool   is  usually  a  hollow  cylinder  with  an 
ordinary  clack  or  a  ball  valve  {shell  pump  or  dudgeA 
(Fig.  115).     It  is  worked  up  and  down  a  little  till 
it  is  filled,  and  it  is  then  drawn  up  to  the  surface 
and  emptied.    The  operation  is  repeated  if  necessary, 
and  the  boring  is  resumed  with  the  rod.     Sometimes 
a  cutting  blade  is  added  to  the  sludger  so  that  it 
bores  a  little  and  picks  up  the  debris  at  the  same 
time.     In  certain  rocks   such  as   marls,  it  is  con- 
venient to  have  a  shell-pump  with  a  lip.     It  is  fixed  to  the 
rods,  and  when  it  is  turned  a  little  as  well  as  moved  up  and 
down,  it  soon  fills  itself. 

Fauck  and  Baky  Methods. — ^Two  methods  of  boring  with  iron 
rods  largely  used  on  the  Continent  are  those  of  Fauck  and 
Raky,  which  consist  in  giving  the  cutting  tool  a  rapid  but  very 
short  stroke,  whilst  at  the  same  time  the  bottom  of  the  hole  is 
constantly  flushed  by  a  current  of  water  brought  down  through 
the  hollow  rods.  In  the  Fauck  system  no  beam  is  used ;  but 
the  chain  or  rope  to  which  the  rods  and  boring  tool  are  sus- 
pended has  an  up-and-down  motion  imparted  to  it  by  the  aid 
of  an  eccentric.  This  arrangement  enables  the  number  of 
strokes  per  minute  to  be  increased  up  to  as  much  as  250,  whilst 
the  length  of  the  stroke  is  often  as  low  as  3^  inches.  The 
boring  tool  itself  is  usually  a  chisel ;  when  cores  are  required, 
it  is  replaced  by  a  toothed  hollow  cylinder.  By  reversing  the 
direction  of  the  flushing  current,  Fauck  is  able  to  obtain  cores 
continuously  without  stopping  the  work.  They  break  off  of 
themselves  from  the  vibrations  produced  by  boring,  and  are 
washed  up  the  hollow  rods  and  caught  at  the  top.  With  this 
method  of  boring,  holes  are  put  down  in  the  oilfields  of  Galicia 
to  depths  of  300  to  600  yards  at  a  rate  of  10  to  13  yards  a  day. 
In  the  Raky  system  the  beam  is  supported  on  a  bearing  carried 
by  springs  with  the  object  of  giving  elasticity  to  the  working 
parts.  The  stroke  is  rapid  and  short — 80  to  120  blows  per 
minute  of  3  or  4  inches  each.  The  rods  are  made  of  Mannes- 
mann  tubes,  and  water  flushing  is  used.  According  to  the 
reports  of  the  International  Boring  Company,  which  employs 
this  method,  holes  800  yards  in  depth  are  put  down  at  a  rate 
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of  20  yards  per  day,  in  the  Tertiary  and  Cretaceous  strata  of 
Belgium  and  Westphalia. 

OeynhauserCa  Joint  and  free-falling  tools, — When  a  large  or 
deep  hole  diameter  is  being  bored,  the 
weight  of  the  rods  is  so  great  that 
much  vibration  ensues  when  they  are 
suddenly  arrested  by  the  chisel  strik- 
ing against  the  bottom.  Various 
devices  have  been  contrived  for  over- 
coming this  difficulty,  among  which 
may  be  mentioned  Oeynhausen's  slid- 
ing joint  and  three  methods  of  making 
the  tool  fall  independently  of  the  rod. 
Oeynhausen's  contrivance  (Figs.  116 
and  117)  consists  of  an  upper  piece  a 
provided  with  a  slot  in  which  the 
lower  piece  h  can  slide ;  ft  is  prevented 
from  dropping  out  by  a  cross- 
Fio.  1 19.  head  and  carries  the  boring 
chisel,  whilst  a  is  attached  to 
the  line  of  rods. 

When    a    down-stroke    is 
made   and   the  chisel  strikes 
the  bottom,  the  piece  a  slides 
over  h  and  is  therefore  but 
little  affected  by  any  jar  pro- 
duced by  the  blow  of  the  tool. 
The   length  of  the  stroke  is 
arranged  so  that  the  top  of  the  slot  will 
not  descend  far  enough  to  touch  the  cross- 
head;  a  is  then  raised  once  more  and  again 
catches  the  crosshead. 

One  of  the  simplest  arrangements  for 
P<— .^  making  the  tool  fall  independently  is  the 
YY  sliding  joint  shown  in  Fig.  118.  The  piece 
U  supporting  the  boring  tool  has  two  wings 
(Fig.  ii9y  which  rest  upon  shoulders,  at 
the  top  of  a  long  slot  in  a  cylinder  attached  to  the 
lowest  rod  ;  by  giving  the  rods  a  sharp  turn  to  the 
left,  the  wings  lose  their  support  and  the  tool  drops. 
The  actual  process  of  boring  is  carried  on  in  the 
following  manner : — The  line  of  rods  suspended  to 
a  chain  is  raised  by  a  steam  winch.  Steam  is  then 
shut  off,  and  the  master  borer  by  a  sudden  twist  of  the  tiller 
causes  the  bayonet  joint  to  act ;  the  tool  drops  and  makes  its 
cut.  The  rods  are  then  lowered,  and  the  slot  comes  down  over 
the  wings  which  are  pressed  by  the  inclined  surfaces  at  the  end 
on  to  the  shoulders;    the  steam  is  turned  on  again,  and  the 
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operations  of  winding  up,  stopping,  twisting,  letting  the  tool 
fall,  and  lowering  are  repeated.  The  contrivance  acta  so  easily 
that  it  is  sometimes  used  even  for  comparatively  shallow 
bore-holes. 

The  free  fall  is  obtained  by  Arrault  in  a  different  manner 
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when  the  boring  is  done  by  a  beam  (Fig.  izo).  The  tool  is 
suspended  from  the  catch  h  (Fig.  laiV  The  part  a  b  has  a 
pin  t,  which  lies  in  an  oval  hole.  While  the  rods  are  being 
lifted  the  beam  strikes  a  bumping-piece,  and  their  upward 
movement  is  suddenly  checked ;  inertia  carries  the  catch  a  h 
up  a  little,  the  end  a  strikes  an  inclined  surface  and  causes  the 
end  b  to  move  outwards  and  detach  the  tool.  When  the  rods 
are  lowered  the  part  h  hook»  itself  on  without  difficulty,  and 
the  chisel  is  raised  and  dropped. 

This  tool  requires  the  boring  rod  to  be  guided,  for  otherwise 
the  hole  might  not  be  bored  straight. 

Fig.  IZ2  explains  a  well-known  free-falling  tool  invented  in 
1844  by  Kind.  The  head  of  the  actual  boring  rod  is  held  by  a 
click  or  grapple.  When  the  main  rod  descends,  the  resistance 
of  the  water  in  the  hole  checks  the  sliding  disk  D ;  the  jaws 
J  J  are  opened  by  the  little  rod  which  connects  them  with 
D,  and  the  boring  part  falls  and  strikes  the  bottom  without  any 
injurious  vibrations  being  communicated  to  the  main  rod.  When 
tfae  disk  descends  further,  the  head  is  caught  again  by  the  click. 
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Accidents, — ^Tools  for  putting  things  right  in  case  of  accident 
are  numerous,  and  many  of  the  contrivances  which  have  been 
invented  by  engineers  are  extremely  ingenious. 

Among  the  accidents  is  a  breakage  of  the  rod.  If  the  rods 
are  not  caught  in  any  way,  a  claw  called  the  crow's-foot  (Fig. 
1 23HS  lowered  and  turned  round  till  it  catches  a  rod  below  one 
of  the  shoulders ;  it  is  then  drawn  up.  Sometimes  it  is  found 
that  a  hole  has  suddenly  deviated  from  the  vertical,  owing  to  a 
difference  in  -hardness  in  the  rock,  which  causes  the  chisel  to 
work  more  easily  on  one  side  than  the  other.  One  method  of 
remedying  this  evil  is  to  fill  the  bad  part  with  cement^  and 
rebore  it  very  carefully. 

Broken  ropes  can  be  caught  hold  of  by  tools  resembling  a 


Figs.  123  &  124. 
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corkscrew.  The  tool  shown  in  Fig.  124  serves  to  cut  a  thread 
upon  the  end  of  a  broken  rod.  The  position  of  the  broken  end 
is  first  ascertained  by  taking  an  impression  upon  tallow  or  wax, 
and  the  cone  is  then  lowered  on  to  it ;  by  turning  it  round  a 
thread  is  cut  on  the  broken  end,  which  can  now  be  raised  with 
the  rods  and  tools  attached  to  it. 

If  the  cutting  chisel  is  broken,  some  kind  of  grasping  nippers 
must  be  used,  and  there  are  contrivances  for  making  them  act 
when  they  have  reached  the  bottom  of  the  hole. 

Linings, — Where  the  strata  are  soft  and  would  fall  in,  or 
where  it  is  necessary  to  shut  off  the  inflow  of  certain  water- 
bearing beds  in  order  to  confine  the  well  to  one  particular 
source  of  supply,  the  hole  has  to  be  lined  with  a  tube.  Tubes 
are  made  of  iron,  copper,  or  wood.  This  last  material  is  seldom 
employed  nowadays,  because  it  occupies  so  much  space,  and 
because  it  is  not  easy  to  make  good  wooden  tubes. 

Fig.  125  is  a  tube  of  riveted  sheet  iron  with  sockets  fixed  on, 
which  enable  the  joints  to  be  made  by  screwing.     Fig.  126  is 
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a  tube  with  a  screwed  joint  perfectly  smooth  outside  and  inside. 
Copper  tubes  are  advisable  when  the  water,  such  as  that  coming 
from  pyritiferouB  beds,  would  attack  iron  and  in  time  eat  it 
away ;  but  this  difficulty  is  also  overcome  by  putting  earthen- 
ware pipes  inside,  and  ^ling  up  the  interspace  with  cement. 

Caret. — Though  the  fragments  brought  up  in  the  sand-pump 
will  indicate  the  nature  of  the  rocks  which  are  being  traversed, 
it  is  often  desirable  to  obtain  a  core  of  the  actual  stratum  itself, 
which  will  show  the  direction  and  amount  of  the  dip  of  the 

PioB.  137  ft  118.  Flo.  139. 
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rocks,  and  possibly  contain  fossils  and  so  afford  valuable  know- 
ledge concerning  their  precise  age.  A  core  is  cut  out  either  by 
rotation  or  percussion.  In  the  former  case  the  tool  consists  of 
a  sheet-iron  cylinder  (Figs.  127  and  128)  armed  at  the  bottom 
with  steel  sawing  teeth ;  in  the  latter  the  cylinder  is  surrounded 
by  four  cutting  chisels,  which  chip  out  a  ring  and  leave  a  solid 
cylinder  standing. 

The  core  now  has  to  be  detached,  and  for  this  purpose  various 
contrivances  may  be  adopted.  One  of  Arrault's  tools  is  shown 
in  Fig.  129.  It  is  a  hollow  cylinder  a  attached  to  the  fork  b  c, 
with  a  longitudinal  slot  containing  a  filiding  bar  d,  armed  with 
a  toothed  wedge  e,  which  is  prevented  from  dropping  out  by 
the  shoulder/.     The  bar  d  is  further  kept  in  position  by  the 
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spring  g  A,  fixed  at  tbe  top  of  the  tube,  which  presses  it  against 
the  two  outer  plates  t  j  and  the  ring  k ;  lis  a.  little  slot  in  the 
spring,  and  m  a  small  stud  upon  the  bar  d.  When  this  tool  is 
lowered  over  the  core  and  the  wedge  e  touches  the  bottom  of 
the  annular  groave  around  it,  the  tube  slides  down  and  forces 
the  wedge  inwards;  the  weight  of  the  rods  causes  sufficient 
pressure  to  drive  the  teeth  of  the  wedge  into  the  core  and 
break  it  off.  In  the  meantime  tbe  slot  I  has  passed  over  the 
stud  m ;  the  wedge  is  thus  pre- 
vented from  slipping  down,  and  Fi<9.  130.  Fio.  131. 
the  core  is  held  till  it  is  drawn 
up  to  the  surface. 

In  order  that  the  direction ' 
of  the  dip  may  be  ascertained 
from  the  core,  it  is  necessary  to 
know  exactly  how  it  stood  when 
it  was  in  tilu.  In  Victoria  the 
rods  and  the  coFe-breaker  are 
put  together  at  the  surface,  and 
all  the  joints  are  marked  in  a 
straight  line  with  a  chisel.  Tbe 
lods  are  then  taken  apart,  and 
are  carefully  screwed  together 
in  precisely  the  same  manner 
when  they  are  lowered  into  the 
bore-hole.  If  the  position  of 
tbe  marks  at  the  surface  is 
noted   while  the  core  is  being 

detached,  the   direction   of    the  1 

dip  can  at  once  be  determined.  LnJ 

To   prevent   the    possibility    of  ^^ 

enwr  from  a  movement  of  the  Hr^ 

core  after  it  has  been  detached,  'iA^ 

it     is    marked     while     at     the 

bottom  of  the  hole  with  a  vertical  acrstch  or  groove.     This  is 

made  by  a  sharp  steel  point  on  the  gripper  as  it  slides  down 

over  the  core.     Kobrich  impeaches  the  trust  worthiness  of  such 

proceeding  on  account  of  the  possible  torsion  of  the  long  string 

A  method  invented  by  Faulin  Arrault  consists  in  lowering  a 
compass,  enclosed  in  a  case  made  of  phosphor  bronze,  on  to  the 
top  of  the  core  (Figs.  130  and  131).  The  case  has  an  india- 
rubber  base,  with  two  grooves  filled  with  felt  impregnated  with 
a  thick  ink.  The  compass  case  also  contains  clockwork,  arranged 
like  an  alarum,  which  can  be  made  to  liberate  a  catch  and  so 
clamp  tbe  compass.  The  compass  is  lowered  by  a  rope,  and 
sufficient  time  is  given  to  enable  it  to  assume  its  proper  position 
before  it  is  fixed  by  the  clockwork.     It  is  drawn  up,  the  core 
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is  then  extracted,  and  by  means  of  the  ink  marks  the 
compass  can  be  put  upon  the  core  in  precisely  the  same 
position  as  it  originally  occupied  in  the  hole. 

Instead  of  using  ink  marks,  some  plastic  material 
such  as  clay  may  be  lowered  on  to  the  top  of  the  core 
and  allowed  to  remain  long  enough  to  take  an  impres- 
sion.  A  clockwork  arrangement  in  a  watertight  box 
above  the  plastic  lump  sets  a  magnet  fast  after  the 
lapse  of  a  given  time  as  before,  and  when  the  core  is 
brought  up  it  is  placed  so  as  to  fit  the  impressions,  the 
orientation  of  which  is  known  by  the  magnet. 

In  Kobrich's  apparatus  the  method  of  marking  the 
core  is  different.  He  uses  a  chisel  hanging  from  an 
Oeynhausen  joint ;  the  chisel-edge  is  arranged  exactly 
in  the  vertical  plane  of  the  N.S.  line  of  t^e  compass 
graduation,  and  it  has  a  distinguishing  notch  or  small 
cross-chisel  toward  one  end.     Only  one  blow  is  given. 

Wooden  Rods. — In  some  districts  wooden  rods  are 
found  more  suitable  than  iron  ones.  They  have  been 
used  in  Canada,  and  they  are  preferred  in  Galicia. 
Fig.  132  represents  the  manner  in  which  the  rods  are 
made  for  boring  oil  wells  in  that  country.  The  rods 
employed  in  Galicia  are  of  ash,  32  feet  10  inches  (10  m.) 
long,  and  2  inches  in  diameter ;  at  each  end  a  forked 
J.  iron  coupling  is  riveted  on,  terminating  by  a  conical 
1 1  male  or  female  screw,  and  the  two  pieces  of  which  each 
!5  rod  is  composed  are  joined  by  strapping  plates  of  iron. 
To  the  end  of  the  lowest  rod  is  attached  an  Oeynhausen 
sliding  joint  which  carries  a  sinker  bar  with  the  cutting 
chisel  attached  to  it.  The  sinker  bar  is  from  20  to 
30  feet  (6  to  9  m.)  long,  and  weighs  from  12  to  15  cwt. 
(600  to  750  kil.). 

The  tisp  of  the  line  of  rods  is  fastened  to  a  chain 
(Fig.  133);  this  makes  three  turns  round  one  end  of 
the  boring  beam,  capped  for  this  purpose  by  a  casting 
with  a  spiral  groove,  and  is  then  wound  on  to  a  little 
windlass  placed  on  the  beam.  The  beam  receives  its 
up-and-down  movement  from  a  connecting  rod  attached 
to  a  crank  upon  the  axle  of  a  wheel  driven  by  a  belt 
from  a  small  steam-engine. 

After  boring,  the  chain  is  unfastened,  and  the  rods 
are  drawn  up  by  means  of  a  hemp  or  manilla  rope  i  f 
inch  (45  mm.)  in  diameter,  which  is  also  used  for  work- 
ing the  sand-pump.  The  master  borer  can  perform  all 
the  necessary  operations  while  sitting  in  front  of  the 
hole.  By  means  of  the  rope  a  he  can  work  the  wind- 
lass upon  which  the  chain  is  coiled,  and  by  pulling  the 
lever  b  he  can  throw  in  or  out  of  gear  the  pulley  which 
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drives  the  drum  with  the  winding  rope,  and  so  raise  or  lower 
the  rods  of  the  sand-pump.  The  lever  c  actuates  a  brake  which 
eaahles  him  to  stop  the  machinery,  if  necessary,  and  with  his 
left  foot  he  can  press  upon  a  pedal  e,  and  so  regulate  the  steam 


valve,  and  alter  at  pleasure  the  speed  of  the  engine.  The  coi-d 
d  works  a  second  steam  valve.  Two  other  workmen,  one  at  the 
bore-hole,  and  the  other  on  a  platform  33  feet  (10  m.)  above 
him,  are  shown  in  the  act  of  unscrewing  and  putting  away  the 
rods. 

During  the  actual  boring,  the  two   assistants  stand  at  the 
bole  and  turn  the  rods,  while  the  toaster  borer  regulates  the 
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blow  by  the  cord  a  which  commands  the  windlass,  and  the  cord 
d  which  controls  the  admission  of  steam. 

The  tower  or  derrick  is  about  50  feet  (15  to  16  m.)  high,  and 
16  feet  (5m.)  square  at  the  base.  It  is  closed  in  with  planks. 
The  adjacent  space  required  for  the  steam-engine,  belts,  wheels, 
&c.,  is  35  square  yards  (30  square  m.).  The  end  of  the  beam 
travels  about  20  inches  (50  cm.) ;  but  owing  to  the  interposition 
of  the  sliding  joint  the  stroke  of  the  chisel  is  somewhat  less. 
There  are  about  50  to  60  blows  a  minute.  After  work  has 
gone  on  for  a  time,  and  the  debris  begins  to  accumulate,  the  rods 
are  withdrawn  and  the  shell-pump  is  lowered  by  the  rope.  It 
is  a  cylinder  32  feet  (10  m;)  long,  with  a  valve  in  the  bottom ; 
it  fills  itself,  it  is  drawn  up,  and  the  valve  is  opened  to  dis- 
charge the  sludge.  In  consequence  of  the  lightness  of  the  rods, 
the  conicity  of  the  screw  joints,  and  the  skill  of  the  workmen, 
the  various  boring  operations  are  carried  on  with  surprising 
rapidity.  Scarcely  half  a  minute  is  required  for  unscrewing  a 
joint,  and  a  set  of  rods  650  feet  long  (200  m.)  is  drawn  up  or 
lowered  in  10  or  12  minutes. 

For  a  hole  1000  feet  (300  m.)  deep,  the  four  operations  of 
raising  the  chisel,  lowering  and  raising  the  shell-pump,  and 
again  lowering  the  rods  and  chisel,  do  not  require  more  than  an 
hour. 

Three  men  are  required,  of  whom  one  is  the  master  borer 
and  one  the  engineman.  Their  wages  do  not  exceed  20s.  a  day, 
and  if  the  wages  of  the  smiths,  who  are  constantly  required, 
are  added,  the  total  cost  of  wages  per  day  will  be  from  30s.  to 
32s. 

The  initial  diameter  of  the  hole  varies  from  9I  inches  (0*25  m.) 
to  I5f  inches  (0*40  m.)  in  loose  ground,  and  the  final  diameter 
is  4  inches  (0*10  m.)  The  hole  is  lined  throughout  with  tubes, 
which  are  made  of  welded  sheet-iron  screwed  together,  and  are 
perfectly  water-tight. 

The  successive  columns  of  tubes  of  the  lower  part  of  the  hole 
are  placed  one  within  the  other.  They  are  not  withdrawn  till 
the  hole  is  completed.  The  cost  of  the  plant  varies  from  ;^8oo 
to  ;^iooo,  including  a  12  to  15  h.-p.  steam-engine,  which,  with 
its  boiler,  comes  to  ;;^35o.  To  this  must  be  added  the  cost  of 
the  tubing,  which,  according  to  the  diameter,  varies  from  6s.  to 
22  s.  per  yard. 

The  boring  contractors  ask  from  30s.  to  50s.  per  yard  for  a  boring 
estimated  to  be  1000  feet  deep  (300  metres),  plus  50  per  cent,  of 
the  petroleum  obtained  in  the  first  case,  or  30  per  cent,  in  the 
latter.  They  leave  the  tubes  necessary  for  preserving  the  well, 
provided  they  are  paid  one-half  of  their  value.  Contracts  are 
also  made  for  sinking  wells  at  ^^5  per  yard,  without  any  interest 
in  the  output. 

As  an  example  of  the  work,  a  well  was  bored  738  feet  deep 
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(235  m.)  at  Wietrzno,  by  M.  Suszycki,  beginning  with  a  diameter 
of  15 J  inches  (0*40  m.)  and  ending  with  5^  inches  (0*145  >i^-)  iJ^ 
90  days,  of  which  70  were  occupied  in  actual  boring.  The 
average  progress  was  10  feet  6  inches  per  day  (3*20  m.),  the 
maximum  32  feet  (9*81  m.)  per  day.  Several  wells  have  been 
bored  to  a  depth  of  1500  feet  (over  450  metres)  at  Stoboda 
Runzwoska.  In  some  exceptionally  favourable  circumstances  a 
hole  475  feet  (145  m.)  deep  was  bored  in  eight  days  with  140 
hours  of  effective  work. 

This  system,  therefore,  seems  suited  to  the  conditions  prevail- 
ing in  Galicia.  The  American  method  of  boring  with  the  rope, 
which  answers  in  Pennsylvania,  where  the  beds  are  nearly 
horizontal,  did  not  succeed  in  Galicia,  with  the  soft  Tertiary 
rocks  which  often  dip  considerably.  As  regards  the  material  for 
the  rods,  wood  is  to  be  preferred  to  iron  in  Galicia.  Wooden 
rods  are  lighter  and  more  easily  manipulated  than  iron  rods, 
besides  which  they  are  more  easily  repaired,  a  matter  of  much 
importance  in  districts  far  from  foundries  and  engineering 
shops. 

Driven  Wells. — Under  the  head  of  boring  by  percussion  may 
be  classed  the  process  of  making  driven  wells,  or  Abyssinian 
tube-wells,  as  they  are  often  called  in  Great  Britain.  A  tube 
shod  with  steel  is  rammed  down  by  a  heavy  weight,  raised  by 
men  with  ropes  passing  over  a  pulley,  and  then  allowed  to  fall 
and  strike  a  stop  clamped  to  the  tube.  The  tube  is  perforated 
just  above  the  shoe,  and  when  a  water-bearing  stratum  of  sand 
or  gravel  is  reached,  water  flows  into  it,  and  can  be  pumped  up. 
This,  however,  is  a  special  process,  and  can  scarcely  be  considered 
as  true  mining. 
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American  System. — The  use  of  the  rope  for  boring  for  brine 
has  been  in  vogue  for  2000  years  in  China,  and  the  process  has 
been  brought  to  great  perfection  in  America  for  the  purpose  of 
obtaining  petroleum  and  natural  gas.  In  1887  the  American 
system  was  employed  at  Port  Clarence,  on  the  Tees,  for  obtain- 
ing brine. 

The  first  operation  consists  in  erecting  the  drilling  rig,  consist- 
ing of  the  derrick,  steam-engine,  band-wheel,  walking  beam,  bull- 
wheel,  and  sand-pump  reel. 

The  derrick  (Fig.  134)  is  a  framework  in  the  form  of  an  acute 
truncated  pyramid,  72  feet  high,  20  feet  by  20  feet  at  the  base, 
and  about  3  feet  square  at  the  top.  It  is  ingeniously  constructed 
of  2 -inch  plank,  without  any  large  or  heavy  pieces  of  timber,  and 
it  serves  to  carry  two  pulleys.  The  reason  of  its  height  is  to 
enable  the  driller  to  raise  the  whole  string  of  boring  tools  from 
the  hole  without  any  disjointing. 
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The  engiae  has  a  horizoatal  cylinder,  8  inches  in  diameter, 
with  a  i2-inch  stroke,  and  is  reckoned  to  be  of  15  horse-power. 

By  means  of  a  belt,  power  is  transmitted  to  a  wooden  pulley 
(a)  allied  the  band-wheel ;  this  is  provided  with  a  crank  (6),  and 
through  a  pitman  (c)  actuates  one  end  of  the  walking  beam  (</), 


26  feet  lung.*  A  smaller  pulley  bolted  to  the  band-wheel 
enables  the  bull-wheel  (e)  to  be  driven  by  an  endless  rope,  and, 
by  means  of  a  lever,  a  friction  pulley  (/)  can  be  brought  again.st 
the  band-wheel  so  as  to  drive  the  sand  reel. 

*  The  Ggnrs  shows  the  pitman  taken  off  trom  the  crank  pin. 


In  addition  there 

1.  A  set  of  drilling  tools  (h,  i,j,  k,  I). 

2.  A  sand-pump  (wi),  or  a  bailer. 

3.  A  rope  {g)  i\  inch  in  diameter  for  lifting  the  tools. 

4.  A  rope  (_q')  \  inch  in  diameter  for  working  the  bailer  or 
aand-pump. 

Fig.  r3s.      Fia.  136,      Fio.  137.      Fio.  13S.      Via.  139.      Pia.  140. 
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The  set  of  drilling  tools  consist  of  the  following  parts  : 


Bope  socket    . 

.     Fig.  135  (and  A,  Fig.  134)      ■ 

Sinker  bar 

.       ,.     136  (and  £      „      .,  )      . 

Jars         .        . 

.      „     137  (and  J      „      ..   1 

Anger  item     . 

.      „     138  (and  I     „      ..  )      . 

Bite         .        . 

.      ..    139*  140  (and  ^  Fig.  134 
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The  jars  are  like  two  links  of  a  chain,  and  their  object  is  to 
enable  an  upward  blow  to  be  struck  if  the  bit  sticks ;  the  force 
of  this  upward  blow  is  increased  by  the  momentum  of  the  sinker 
bar. 

The  rope  socket  receives  the  end  of  the  boring  cable,  any 
part  of  which  can  be  connected  to  the  walking  beam  by  a 


Fig.  141. 


Fig.  T42. 


clamp  attached  to  an  adjustable  link  called  the  temper  screw 
(Fig.  141). 

The  bailer  is  a  wrought-iron  cylinder,  18  or  20  feet  long, 
with  a  valve  in  the  bottom,  which  opens  as  soon  as  its  project- 
ing stem  touches  the  ground. 

The  sand-pump  (Fig.  142)  is  an  iron  cylinder,  5  feet  or  more 
long,  with  a  valve  in  the  bottom  and  a  piston.  When  it  is 
lowered  to  the  bottom  of  the  hole  the  piston  descends,  and 
when  the  piston  is  raised,  it  sucks  the  mud  and  debris  into  the 
cylinder,  and  they  are  retained  by  the  valve. 

When  the  hole  has  to  pass  through  loose  alluvial  soil,  a  drive- 
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pipe  (a  a,  Fig.  349)  is  rammed  down  before  any  true  boring 
begins.  The  drive-pipe  is  made  of  steel,  \  inch  thick,  and  is 
8^  inches  in  diameter  internally.  It  is  supplied  in  lo-feet 
lengths,  and  these  are  connected,  like  gas-pipes,  by  screwed 
sleeve  couplings,  14  inches  long.  The  first  pipe  is  shod  with  a 
sharp  steel  shoe. 

The  drive-pipe,  protected  at  the  top  by  an  iron  cap,  is  rammed 
down  by  a  heavy  wooden  block  {matd),  like  the  ram  or  monkey 
of  a  pile-driver,  working  between  two  vertical  guides,  and 
length  after  length  is  added  as  it  descends.  The  manner  in 
which  the  blow  is  given  will  be  plain  from  the  accompanying 
diagram  (Fig.  143),  in  which  the  guides  are  omitted.  The 
maul  (a)  hangs  from  a  rope  or  cable  which  passes  over  the 
crown  pulley  (b)  at  the  top  of  the  derrick  and  round  the  shaft 
of  the  bull-wheel  (c).  Another  rope  is  attached  to  the  crank  of 
the  band-wheel  {d\  and  tied  to  the  first  rope.  As  the  crank 
revolves  it  pulls  the  cable  and  raises  the  maul,  and  then  letting 
the  cable  go  back,  causes  the  maul  to  drop. 

When  the  pipe  has  been  rammed  down  until  the  shoe  is 
driven  into  hard  ground,  the  earth  inside  has  to  be  removed. 
A  swivel-head  is  attached  to  the  rope  in  place  of  the  block,  and 
to  it  are  screwed  the  sinker  bar,  or  the  auger-stem,  and  a  bit. 
This  is  worked  up  and  down  like  the  maul,  save  that  it  is 
rotated ;  water  is  poured  in,  and  soon  the  earth  is  knocked  up 
into  mud.  The  sand-pump  is  then  lowered  and  the  mud  brought 
up.  These  operations  are  repeated,  and  when  60  feet  have  been 
cleared  in  this  way  the  regular  boring  can  be  commenced. 

The  proper  cable  is  placed  upon  the  bull-wheel  shaft,  one  end 
brought  over  the  crown  pulley  and  attached  to  the  socket,  and 
to  this,  in  succession,  the  sinker-bar,  jars,  auger-stem,  and  bit. 
Let  it  be  supposed  that  the  string  of  drilling  tools  is  hanging  in 
the  hole.  The  temper  screw  (Fig.  141,  and  n  Fig.  134)  is 
clamped  to  the  cable,  and  its  eye  hung  on  to  the  hook  at  the 
end  of  the  walking  beam,  the  cable  is  now  lowered,  and  the 
string  of  tools  hangs  from  the  walking  beam.  The  engine  is 
set  in  motion,  and  as  the  bank- wheel  revolves,  the  crank  turns 
and  causes  the  walking  beam  to  move  up  and  down,  and  the 
bit  strikes  a  succession  of  blows  at  the  bottom  of  the  hole. 
There  is  no  need  to  rotate  the  tool,  though  this  used  to  be 
done  by  the  driller  who  turned  the  clamp  round  and  round, 
first  one  way  and  then  the  other.  Nowadays  it  is  found  that 
the  rope  twists  and  untwists  a  little,  and  quite  enough  for  the 
purpose.  As  the  hole  deepens,  the  screw  above  the  clamp  is 
fed  out,  and  when  it  can  go  no  farther  the  clamp  is  loosened, 
and  shifted  higher  up  after  the  screw  has  been  run  back. 

The  gravel,  sand,  and  mud  made  by  the  chipping  motion  of 
the  bit,  are  removed  by  the  sand-pump  lowered  and  raised  by 
the  special  rope  on  the  sand-pump  reel,  driven  by  the  friction 
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pulley.  An  examination  of  the  small  fragments  drawn  up  in 
the  sand-pump  tells  the  driller  what  rocks  he  is  passing 
through.  The  two  operations,  drilling  and  clearing  out,  are 
repeated  until  the  hole  has  reached  the  required  depth.  At 
Port  Clarence  the  hole  has  to  be  lined  with  a  steel  tube  (Fig. 
349,  in  which  the  size  of  the  tubes  is  greatly  exaggerated), 
6'^  inches  in  diameter  internally ;  for  the  first  1 50  feet  from 
the  bottom  the  steel  is  half  an  inch  thick,  then  five-sixteenths 
of  an  inch  for  300  feet,  and  the  remainder  quarter-inch  thick. 
With  the  sleeve  couplings  over  them,  they  just  pass  down  the 
drive-pipe.  In  the  rock-salt  and  in  the  600  feet  of  water- 
bearing sandstone,  the  lining  pipe  is  perforated  with  holes  one 
inch  in  diameter,  and  1 2  inches  apart  vertically.* 

By  the  American  system  the  cost  of  a  brine  weU  at  Fort 
Clarence,  1000  feet  deep,  including  the  rig  and  a  share  of  the 
boiler,  was  ;^iooo,  and  it  was  drilled  in  three  weeks. 

Some  wells  bored  by  the  diamond  drill,  on  the  other  hand, 
cost  ^3000  each,  and  took  three  months  to  make. 

The  American  system  presents,  therefore,  very  great  advan- 
tages, especially  in  the  case  where  holes  have  to  be  numerous, 
and  where  it  is  not  certain  how  long  a  well  will  retain  its  pro- 
ductiveness. On  the  other  hand,  in  making  preliminary 
explorations  of  the  rocks  of  a  new  district,  the  diamond  drill 
may  fairly  claim  the  superiority,  because  it  furnishes  actual 
cores,  showing  the  dip,  which  give  a  better  idea  of  the  strata 
than  pounded  fragments. 

Though  to  English  eyes  the  American  "  rig  "  appears  rather 
rough,  we  cannot  but  admire  its  effectiveness,  and  also  its 
suitability  in  the  case  of  petroleum  and  brine  wells.  The 
"  rig  "  erected  for  boring  is  utilised  for  pumping  when  the  hole 
is  completed,  so  that  there  is  no  unnecessary  expense  in  the 
plant.  The  various  parts  of  the  "  rig  "  are  very  simple  in  con- 
struction, and  as  timber  is  largely  used  in  place  of  metal, 
repairs  can  be  done  by  the  master  driller,  without  the  aid  of 
fitter  or  foundry. 

Mather  and  Platt'8  System. — Another  method  of  boring 
with  the  rope  is  that  employed  by  Messrs.  Mather  and  Piatt. 
Its  peculiarities  are  a  flat  rope,  and  a  special  contrivance  for 
rotating  the  chisel. 

Fig.  144  represents  a  side  elevation  of  one  of  the  boring 
machines. 

A  A,  flat  hempen  rope  4^  inches  broad,  by  |^-inch  thick ; 
B  B,  boring  head  ;  0,  drum  or  reel  for  the  rope,  driven  by  the 
steam-engine  D ;  E  E,  wooden  or  cast-iron  frame ;  F,  guide 
pulley ;  G,  flanged  pulley  carried  in  a  fork  on  the  top  of  the 
piston-rod  of  a  vertical   single-acting  steam-engine  shown  by 

*  For  the  process  of  obtaining  the  salt  see  Chapter  YL 
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the  dotted  lines.     J  is  a  clamp  by  which  the  rope  A  is  fixed 
while  boring  is  going  on. 

Steam  is  admitted  below  the  piston  raising  the  pulley  G ; 
at  the  end  of  the  stroke,  the  exhaust  valve  is  opened,  the 
steam  escapes,  and  the  piston,  pulley,  rope,  and  boring  head 
all  drop.  The  exhaust  port  is  so  arranged  as  to  leave  a 
cushion  of  steam  which  prevents  the  piston  from  striking  the 
bottom  of  the  cylinder.  The  steam  and  exhaust  valves  are 
worked  automatically  by  tappets,  actuated  by  the  piston-rod. 
The  length  of  the  stroke  can  be  varied  from  i  to  8  feet  by 
shifting  these  tappets.     The  usual  speed  is  24  blows  a  minute. 

The  boring  head  (Fig.  145)  forms  a  special  feature  of  Sir 
W.  Mather's  invention.  The  chisels  or  cutters  D  are  fixed  by 
nuts  in  the  cast-iron  block  C ;  E  is  a  cylindrical  block  serving 
as  a  guide,  and  F  is  a  second  or  upper  guide  which  assists  in 
effecting  the  rotation.  On  its  circumference  there  are  ribs 
which  catch  in  one  direction ;  they  are  placed  at  an  inclination, 
like  segments  of  a  screw  thread  of  very  long  pitch.  Each 
alternate  plate  has  the  projecting  ribs  inclined  in  the  opposite 
direction,  so  that  one-half  of  the  bars  turn  the  rod  round  in 
rising,  and  the  other  half  turn  it  in  the  same  direction  during 
the  descent ;  but  they  simply  assist  in  producing  the  rotation 
which  is  mainly  secured  by  the  contrivance  represented  above 
F.  Two  cast-iron  collars,  G  and  H,  are  cottered  to  the  top  of 
the  bar  B,  and  their  deep  ratchet-teeth  are  set  exactly  in  line 
with  one  another.  J  is  a  movable  bush  sliding  upon  the  bar 
B,  and  attached  to  the  boring  rope  by  the  bow  K  and  a  short 
piece  of  chain. 

The  bush  J  has  ratchet-teeth  on  its  upper  and  lower  faces, 
but  the  upper  teeth  are  set  half  a  tooth  in  advance  of  the  lower 
ones.  During  the  ascent  of  the  rope,  the  bush  has  the  position 
shown  in  the  figure ;  but  when  the  tool  strikes  the  blow,  the 
bush  descends,  and  the  centre  of  the  inclined  surface  of  each 
lower  tooth  of  J  strikes  the  point  of  a  tooth  of  G,  and  then 
slides  down  on  it,  twisting  J,  and  with  it  the  flat  rope,  to  the 
extent  of  half  a  tooth.  At  the  commencement  of  the  lift  the 
bush  J  receives  a  further  twist  of  half  a  tooth  by  coming 
against  H.  The  flat  rope  is  thus  twisted  altogether  to  the 
extent  of  one  tooth,  and  in  untwisting  it  turns  the  tool  a  like 
amount ;  automatic  rotation  of  the  cutters  is  thus  secured. 

P  (Fig.  144)  is  the  shell-pump,  or  sludger,  and  Q  is  an  over- 
head suspension  bar  by  means  of  which  it  is  brought  over  the 
small  table  B  in  the  tank  T.  The  screw  S  serves  to  raise  the 
table  B  until  the  pump  rests  upon  it,  and  on  knocking  out  a 
cotter  in  the  rod  which  supports  the  seating  of  the  bottom 
valve,  the  sludge  is  speedily  discharged. 

One  man  can  attend  to  all  the  operations  of  raising  and 
lowering,  changing  the  boring  tool  for  the  shell-pump  or  vice 
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versdj  and  regulating  the  boring.     Two  labourers  are  employed 
to  change  the  cutters  and  clear  out  the  shell-pump. 

Cores  may  be  cut  out  as  in  other  systems  of  boring,  and 
extracted,  so  as  to  show  the  nature  and  dip  of  the  strata.  As  the 
rope  is  flat,  cores  can  be  brought  up  without  any  twist. 

The  flat  rope  method  is  used  by  Messrs.  Mather  and  Piatt  for 
holes  from  20  inches  to  45  inches  in  diameter.  In  the  case  of 
small  holes  from  which  no  cores  are  required,  they  now  adopt 
the  American  system  on  account  of  its  rapidity. 

From  what  has  been  said  it  is  very  evident  that  a  great  diversity 
of  practice  exists  in  making  bore-holes,  and  the  miner  may  have 
some  difficulty  in  making  up  his  mind  which  system  to  adopt  for 
any  given  purpose.  In  the  case  of  large  undertakings,  he  usually 
applies  to  some  firm  of  engineers,  who  by  long  and  constant 
experience  in  their  art  are  able  to  guarantee  success. 

Surveying  Bore-holes. — It  is  often  assumed  by  boring  engi- 
neers that  the  holes  which  they  drill  are  perfectly  vortical ;  but 
experience  has  shown  that  this  is  not  always  the  case.  It  is, 
therefore,  important  to  have  some  means  of  measuring  the 
deviation  of  a  bore-hole  from  the  vertical,  and  surveying  its 
exact  course. 

A  useful  instrument  for  this  purpose  is  Macgeorge's  clinograph. 
It  consists  in  the  main  of  two  glass  bulbs,  the  upper  one  carrying 
a  plummet,  the  lower  one  a  magnetic  needle;  both  bulbs  are 
filled  with  gelatine.  When  hot  the  gelatine  is  liquid,  and  the 
plummet  and  the  needle  are  free  to  move ;  when  the  gelatine  is 
cold  both  are  set  fast.  The  gelatine  simply  serves  as  a  clamp 
which  will  act  of  itself  after  a  certain  time. 

The  exact  construction  is  explained  by  Fig.  146.  The  instru- 
ment consists  of  a  cylinder  terminating  in  a  short  neck  and  a 
bulb  at  the  bottom.  In  this  is  a  magnetic  needle 
Fig.  146.  attached  to  a  hollow  pear-shaped  glass  float,  which 
will  always  stand  upright  upon  its  pivot  and  so  enable 
the  needle  to  swing  round  without  touching  the  sides. 
A  smaller  glass  cylinder,  with  a  bulb  at  the  top,  is 
inserted  through  an  air-tight  cork  and  a  brass  capsule 
at  the  upper  end  of  the  large  one.  Its  lower  end 
passes  into  a  cork,  which  prevents  the  escape  of  the 
float  of  the  needle.  The  upper  bulb  contains  a  delicate 
plummet  of  glass,  with  diminutive  hollow  float  at  the 
top  and  a  solid  ball  at  the  bottom,  which  is  prevented 
from  dropping  out  by  a  delicate  grating.  It  is  carefully 
adjusted  to  the  specific  gravity  of  the  solidifying  fluid  which 
fills  the  cylinders  and  bulbs,  and  is  so  arranged  that  it  will 
assume  a  vertical  position  whenever  it  is  free  to  move. 

In  order  to  make  use  of  these  dip-recorders,  or  dinostats,  as 
Mr.  Macgeorge  calls  them,  six  are  placed  in  a  bath  of  warm 
water,  which  is  heated  nearly  to  boiling.     In  the  meantime  a 
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brass  cylinder  is  also  heated  by  filling  it  several  times  with  boil- 
ing water,  and  when  the  clinostats  have  been  inserted  one  after 
the  other  into  it,  it  is  lowered  into  the  bore-hole  and  allowed  to 
remain  there  for  two  or  three  hours.  By  this  time  the  gelatine 
will  have  set ;  the  brass  case  is  drawn  up,  and  the  clinostats  are 
examined  one  by  one  in  a  special  instrument  designed  by  Mr. 
Macgeorge.  This  has  an  arrangement  for  placing  the  clinostat 
in  exactly  the  same  position  which  it  occupied  in  the  bore- hole, 
and  for  enabling  its  angle  of  inclination  and  its  magnetic  bear- 
ing to  be  measured  very  accurately.  The  mean  of  the  six  sets  of 
observations  is  then  taken  as  representing  the  correct  deviation. 

If  a  bore-hole  is  approximately  vertical,  and  the  strata  com- 
paratively cool,  the  brass  tube  containing  the  clinostats  may  be 
lowered  with  a  wire  rope ;  but  if  the  strata  are  hot  or  the  bore- 
hole somewhat  flat,  ^-inch  iron  pipe  is  employed  for  inserting 
the  brass  case.  Care  is  taken  to  interpose  a  distance  tube  of 
brass  between  the  case  and  the  pipes,  to  prevent  their  action  on 
the  magnets.  If  the  bore-hole  is  warm,  cold  water  is  forced  down 
the  pipe  so  as  to  flow  outside  the  case  with  the  clinostats,  and 
congeal  the  gelatine.  If  observations  are  made  at  regular 
intervals,  say  at  every  loo  feet,  the  path  of  the  bore -hole 
can  be  traced  with  great  accuracy.  The  apparatus  may  be 
seen  in  the  South  Kensington  Museum. 

The  apparatus  may  also  be  used  over  a  core-extractor  when  it 
is  necessary  to  ascertain  the  direction  and  amount  of  the  dip 
of  the  strata.  Macgeorge  employs  a  brass  tube  set  excentri- 
cally,  and  provided  with  a  bell-mouth  below.  This  receives  the 
end  of  the  core,  and  the  excentricity  of  the  tube  causes  pressure 
on  one  side  which  makes  the  core  break  off.  The  core- extractor 
contains  an  inner  tube,  slotted  from  end  to  end,  which  expands 
as  the  core  enters  it  and  nips  it  tightly. 

Mr.  Macgeorge  gives  numerous  instances  of  ascertained  deflec- 
tions of  bore-holes.  At  Scotchman's  United  Mine,  Stawell,  Vic- 
toria (Figs.  147  and  148),  a  bore-hole  370  feet  deep,  put  down 
with  a  diamond  drill,  was  found  to  have  a  deviation  of  37  feet  3 
inches.  It  is  calculated  t^t  ^2311  would  have  been  saved  if 
the  path  of  the  drill  had  been  surveyed  before  the  driving  was 
commenced.  At  the  Oriental  Company's  mine  a  bore-hole  turned 
out  to  be  60  feet  9  inches  out  of  its  proper  course  in  a  depth  of 
425  feet.  Similar  cases  of  deflection  have  been  noted  in  bore- 
holes made  in  Germany,  both  by  the  diamond  drill  and  by  the 
percussive  method. 

The  diamond  drill  has  been  largely  used  for  prospecting  in  the 
West  African  goldflelds,  and  valuable  experience  in  surveying 
the  bore-holes  by  the  Macgeorge  method  has  been  recorded  by 
Mr.  J.  N.  Justice.  In  one  case  at  a  depth  of  1090  feet  a  diver- 
gence of  280  feet  was  noticed.  In  the  Transvaal,  at  the  Wit- 
watersrand  Deep  Mine,  according  to  Mr.  Jm   A.  Womble,  a 
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Figs.  147  and  148. 
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A,  shaft ;  B,  supposed  position  of  the  bore-hole ;  A  B,  level 
driven  out  from  A  to  strike  the  bore-hole ;  C,  actual  position  of 
the  bore-Iiole;  D,  E,  F,  G,  drivages  made  in  search  of  the  bore- 
hole. The  section  shows  that  if  the  bore-hole  had  been  continued 
to  a  depth  of  500  feet,  the  deviation  would  have  amounted  to 
75  feet. 
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bor&-hole  1394  feet  deep  was  found  to  have  deflected  450  feet 
from  its  supposed  vertical  course.  Still  more  serious  deviations 
were  detected  by  Mr.  H.  F.  Marriott,  with  an  ingenious  electric 
recording  apparatus,  at  the  bore-holes  sunk  on  the  property  of 
the  Turf  Mines,  Limited,  near  Johannesburg.  In  one  case  at 
4802  feet  the  bore-hole  had  deviated  2185  feet,  and  in  the  other 
at  4742  feet  it  was  2175  feet  distant  from  the  vertical  line 
passing  through  the  mouth  of  the  bore-hole.  Excellent  results 
have  been  obtained  in  surveying  bore-holes  by  Mr.  G.  C. 
M'Farlane's  method  of  determining  the  dip  from  the  deflection 
of  a  galvanometer,  by  Gothan's  stratameter,  an  instrument  in 
which  a  compass  needle  and  a  plumb-bob  are  regulated  by  clock- 
work, and  by  Meine's  stratameter,  in  which  the  clockwork  is 
dispensed  with. 

The  deviation  from  the  vertical  may  less  satisfactorily  be 
recorded  by  Nolten's  method,  which  depends  upon  the  etching 
action  of  hydrofluoric  acid  upon  glass.  A  glass  cylinder  with  a 
truly  flat  bottom,  and  the  sides  at  right  angles  to  the  base,  is 
parUy  filled  with  dilute  hydrofluoric  acid,  put  into  a  case,  care- 
fully lowered  into  the  hole,  and  allowed  to  remain  there  for  half- 
an-hour.  The  acid  eats  into  the  glass,  which  is  then  drawn  up. 
The  line  of  etching  records  what  was  the  horizontal  plane  when 
the  cylinder  was  in  the  bore-hole,  and  the  angle  between  it  and 
the  flat  bottom  measures  the  deviation  from  the  vertical. 

Trouv^  has  designed  an  electric  lamp  with  a  mirror  set  at  an 
angle  of  45**,  which  is  lowered  into  the  bore-hole  and  gives  an 
image  of  the  strata.  The  observer  at  the  surface  examines  this 
image  by  means  of  a  telescope. 
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CHAPTER  IV. 

BREAKING  GROUND. 

HAND  TOOIA. — ^The  kinds  of  ground  in  which  mining 
operations  have  to  be  carried  on  vary  within  the  widest  limits, 
from  loose  quicksands  to  rocks  which  are  so  hard  that  the  best 
steel  tools  will  scarcely  touch  them. 

ShoveL — Loose  ground  can  be  removed  with  the  shovel. 
Probably  some  of  the  first  digging  tools  were  merely  pointed 
sticks ;  indeed,  the  Burmese  workman  of  to-day  uses  an  iron- 
shod  stake  for  sinking  oil-wells.  Shovels  vary  a  good  deal  in 
shape  and  make,  according  to  the  special  purposes  for  which 
they  are  employed,  and  also  according  to  the  fancies  of  the 
users.  The  plate  or  blade  is  usually  made  of  steel,  and  it  is 
pointed  in  front,  so  as  to  penetrate  easily  into  the  earth  or  stone 
that  has  to  be  moved.  A  wooden  handle  is  attached  to  it  by  a 
socket  or  two  long  straps.  The  handle  is  often  made  of  ash, 
and  is  usually  short,  but  in  Cornwall  and  Devon  a  long  one  is 
preferred. 

In  dealing  with  clay  and  sticky  earth  it  is  advisable  to  have 
the  plate  as  smooth  as  possible;  the  shovel  with  a  hollow 
underneath  at  the  junction  with  the  socket  is  objectionable  for 
material  of  this  kind,  because  the  cavity  becomes  choked, 
and  the  tool  is  then  less  easily  wielded.  Even  the  projecting 
rivets  sometimes  used  to  attach  the  socket  to  the  plate  cause  a 
slight  hindrance,  which  means  unnecessary  waste  of  power. 
Shovels,  like  all  other  hand  tools,  should  be  made  as  light  as 
possible,  consistent  with  strength,  in  order  to  relieve  the  work- 
men from  the  unprofitable  labour  of  moving  useless  dead  weight. 

In  the  special  case  of  peat,  sharp  spades  are  employed,  which 
cut  through  the  woody  fibres,  and  fvirnish  lumps  or  sods  of 
convenient  form  for  drying  and  for  subsequent  use  as  fuel. 

When  it  is  desired  to  separate  the  larger  stones  from  all 
finer  material,  a  fork  with  several  prongs  is  a  convenient  tool. 

Orowbar. — This  tool  is  an  iron  lever;  it  is  used  for  prising  off 
blocks  of  stone,  and  for  shifting  them  after  they  have  been 
detached. 

Pick. — What  is  called  fair,  soft,  or  easy  ground,  such  as  clay, 

shale,  decomposed  clay-slate,  and  chalk,  requires  the  use  of  the 

pick  and  the  shovel ;  the  pick  breaks  up  the  ground,  and  the 

shovel  serves  to  shift  it.     The  pick  is  a  tool  of  variable  form, 
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according  to  the  material  operated  on.  Thus  there  are  the 
navvy's  pick,  the  poll-pick,  with  a  point  and  a  striking  end 
(Fig.  149))  and  numerous  varieties  of  the  double-pointed  pick 
(Fig.   150),    the   special   tool   of   the  collier,   but  also  largely 
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used  in  ore  and  stone  mining.  The  blades  of  picks  are  made 
either  of  iron  with  steel  tips,  or  else  entirely  of  steel.  The 
latter  is  preferable,  as  it  lasts  so  much  longer.  The  tip  may  be 
a  point  or  a  chisel  edge.     The  blade  is  usually  set  at  right 


Fig.  151. 


Fig.  152. 
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angles  to  the  hilt  or  handle ;  but  at  the  underground  stone 
quarries  at  Bath  and  Weldon  it  is  oblique,  as  shown  in  Fig.  151. 
The  object  of  this  form  is  to  enable  the  miner  to  cut  well  into 
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the  comers  of  the  deep  horizontal  groove  required  for  excarating 
the  stone.     This  pick  weighs  5  lbs. 

Blunted  picks  are  sharpened  by  having  the  points  heated 
in  the  bladcsniitb's  fire,  hammered  to  the  proper  shape  and 
tempered.  In  order  to  save  the  trouble  of  carrying  a  large 
supply  of  tools,  the  blade  may  be  made  separable  from  the 
hilt,  and  the  miner  takes  the  blades  only  to  the  smithy  when 
they  are  worn.  Fig.  1 5  3  shows  a  pick  of  this  description  used 
in  the  Mansfeld  copper-shale  mines. 

Two  well-known  forms  of  pick  with  separate  blades  are  the 
"  Acme "  and  the  "  Univer^ "  of  the  Hardy  Patent  Pick 
Company. 

The  Acme  (Fig.  153)  is  a  pick  used  for  "holing,"  or  cutting  a 
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groove  in  a  soft  rock,  in  which  case  it  is  advisable  to  have  the 
tool  as  narrow  as  possible,  in  order  to  avoid  the  unnecessary 
work  which  a  broad  eye  would  occasion.  The  blade  is  made 
with  a  notch  at  the  top,  and  a  wedge  makes  it  fsAt  to  the  head  ; 
blades  vary  from  i  J  to  3  lbs.  in  weight. 

The  Umvereal  (Fig.  154)  has  the  large  end  of  the  shaft  or 
handle  fitted  with  a  cast  steel  or  malleable  iron  socket ;  the 
small  end  is  put  through  the  eye  of  the  blade,  which  becomes 
firmly  fixed  because  the  socket  and  eye  are  carefully  made  to 
gauge.  By  striking  the  small  end  of  the  handle  on  the  ground 
the  blade  is  looseued  and  removed.  Blades  of  various  shapes 
may  be  fixed  upon  the  same  handle,  which  is  sometimes  an  ad- 
vantage in  remote  districts. 

The  handles  ("hilts"  or  "shafts")  are  commonly  made  of 
aah  or  hickory.  In  Australia  and  New  Zealand  the  wattle 
furnishes   a   light,   tough,   elastic,  and    durable   wood   for  the 
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handles  of  picks  and  other  tool&     One  of  the  best  descriptions 
is  the  Golden  Green  Wattle  (Acacia  decurrens,  var.  mollis). 

Wedge, — When  the  ground,  though  harder,  is  nevertheless 
*^jointy,"  or  traversed  by  many  natural  fissures,  the  wedge 
comes  into  play.  The  Cornish  tool  known  as  a  gcui  is.  a  pointed 
wedge  (Fig.  155).  The  so-called  ''pick  and  gad"  work  con- 
sists in  breaking  away  the  easy  ground  with  the  point  of  the 
pick  wedging  off  pieces  with  the  gad,  driven  in  by  a  sledge 
or  the  poll  of  the  pick,  or  prising  them  off  with  the  pick  after 
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they  have  been  loosened  by  the  gad.  The  Saxon  gad  (Eisen)  is 
held  on  a  short  handle,  and  is  struck  with  a  hammer  (Schldgd), 
It  is  used  like  the  Cornish  gad  for  wedging  off  pieces  of  jointy 
ground,  and  in  former  days  even  liard  rocks  were  excavated  by 
its  aid.  The  process  consisted  in  chipping  out  a  series  of  parallel 
grooves,  and  then  chipping  away  the  ridges  left  between  them. 
As  a  method  of  driving  levels  or  sinking  shafts,  this  process  is 
naturally  obsolete ;  but  it  is  useful  on  a  small  scale  for  cutting 
recesses  (Tutches)  for  fixing  timber,  for  dressing  the  sides  of 
levels  or  shafts  before  putting  in  dams,  and  for  doing  work  in 
places  where  blasting  might  injure  pumps  or  other  machinery. 

A  compound  wedge  inserted  into  a  bore-hole  exerts  a  powerful 
splitting  action  when  the  central  piece  (plug)  placed  between 
two  "feathers"  (Fig.  156)  is  driven  in  by  a  sledge-hammer, 
especially  if  the  rock  is  already  severed  on  one  side.  An 
ingenious  ramming  device,  enabling  a  very  heavy  blow  to  be 
struck,  has  been  introduced  by  Frangois  of  Li^ge. 

Saw. — Freestone  is  sometimes   excavated  by  sawing.      The 

saws  are   6   or   8   feet  long. 
Fig.  157.  and  i  foot  wide.     The  wooden 

handle  can  be  fixed  so  that  no 
^^  part  projects  above  the  saw 
""    when  the  tool  is  used  close  to 

the  roof  (Fig.  157). 

Tools  used  for  Boring  and 

Blasting. — We  now  come  to 
hard  ground  ;  and  in  this  class  we  have  a  large  proportion  of  the 
rocks  met  with  by  the  miner,  such  as  slate  of  various  kinds, 
hard  grit  and  sandstone,  limestone,  the  metamorphic  schists^ 
granit-e,  and  the  contents  of  many  mineral  veins. 
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Holes  may  be  bored  in  tough  clay  or  hsematite  by  driving 
down  a  pointed  bar.  At  some  open  workings  for  iron  ore  in 
the  Lake  Superior  region  holes  i^  inch  in  diameter  and  20  feet 

in  depth  are  made  in  this 
Figs.  165  AND  166.  manner.    The  borer  is  with- 

drawn by  means  of  a  double- 
claw  gripping  appliance, 
which  seizes  it  firmly  when 
pressure  is  applied  by  means 
of  two  levers  (Figs.  165  and 
166). 

Borers. — When  the  rocks 
are  harder,  and  also  in 
situations  where  a  jumper 
cannot  be  wielded,  the 
miner  must  have  recourse  to  the  borer  or  drill,  which  is  simply 
a  steel  chisel  (Fig.  164). 

The  steel  is  brought  to  the  mine  in  the  form  of  round  or 
octagonal  bars,  and  is  cut  up  by  the  mine-smith  into  pieces  of 
the  required  length;  one  end  is  forged  into  a  chisel-shaped 
edge,  the  exact  shape  and  degree  of  sharpness  varying  accord- 
ing to  the  hardness  of  the  rock.  For  hand-drilling  the  steel  is 
usually  I  inch  to  i  inch  in  diameter,  but  f  inch  or  even  ^  inch 
steel  is  sometimes  used.  The  old  plan  of  making  the  drill  of 
iron,  and  welding  on  a  piece  of  steel  for  the  cutting  edge  (M), 
is  extinct. 

The  shape  of  the  bit  of  the  hand  drills  used  at  Minera  Mine, 
North  Wales,  is  shown  in  Figs.  167  and  168,  the  angle  of  the 
edge  being  84°.  The  drills  used  with  the  compressed  air 
machines  at  Minera  are  rather  blunter  than  a  right  angle. 
At  a  limestone  quarry,  near  the  mine,  the  drills  have  two 
cutting  edges  arranged  in  step-fashion. 

Drills  for  hard  rocks  are  sharpened  entirely  at  the  forge ;  the 
cutting  edge  is  hammered  into  the  desired  shape  on  the  anvil 
while  red-hot,  and  then  hardened  to  suit  the  particular  require- 
ments of  the  user.  In  many  cases  the  desired  temper  is  ob- 
tained by  plunging  the  tool  when  at  a  blood-colour  into  cold 
water,  and  allowing  it  to  remain  there ;  but  for  soft  rock  the 
tool  will  work  efficiently  after  the  hardness  has  been  reduced 
by  annealing.  In  the  case  of  slate  the  smith  heats  the  end  of 
the  jumper  to  blood-colour,  and  just  dips  the  edge  into  water 
for  a  few  seconds.  He  now  watches  its  colour  as  it  cools  down, 
and  stops  the  annealing  or  tempering  action  by  plunging  the 
tool  into  cold  water  when  a  certain  shade  of  blue  has  been 
reached.  Some  smiths  rub  the  edge  of  the  tool  upon  a  piece 
of  board  with  a  little  sand,  in  order  to  be  able  to  follow  the 
changes  of  hue  with  precision. 

Before  the  introduction  of  machines,  as  many  as  fifty  drills 
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miners  and  quarrymen  weigh  from  5i  to  7  lbs.  (Fig.  170).  The 
handle  is  10  to  12  inches  long.  In  some  districts  the  head  is 
curved  slightly,  so  as  to  follow  the  circle  in  which  it  is  swung. 


Fig.  170. 
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Fig.  171. 


A  good  miner  should  be  able  to  wield  the  hammer  with  either 
hand,  because  he  may  have  to  put  in  a  hole  close  to  either  side 
of  a  level  or  stope ;  he  should  also  be  able  to  strike  upwards, 
because  occasions  arise  where  a  hole  bored  in  this  manner  will 

be  far  more  advantageous  for  removing  rock  than 
one  bored  downwards. 

The  double-handed  boring  hammer  or  sledge 
(mallet,  Cornwall)  weighs  from  6  to  10  lbs.  or 
more,  and  the  handle  is  2  feet  or  more  long 
(Fig.  171).  If  swung  round  by  good  hands,  it 
strikes  a  very  powerful  blow. 

In  a  rock-boring  competition  in  Cornwall  in 
1888,  three  men  from  Tincoft  Mine,  two  striking 
and  one  turning,  bored  a  hole  1 3  inches  deep  in 
hard  granite  in  6  minutes  43  seconds,  making  91 
blows  per  minute ;  three  men  from  Dolcoath  bored 
i2|  inches  in  7  minutes  18  seconds,  making  130 
blows  per  minute,  whilst  a  like  number  from 
Cam  Brea  bored  i2§  inches  in  8  minutes  with 
117  blows  per  minute.  The  Tincrof t  men  slung 
the  sledge  round,  the  others  did  not.  The  drills 
used  were  made  of  steel,  i  inch  in  diameter ;  but 
there  was  no  restriction  as  to  the  size  or  shape  of  the  bit. 
Of  course  these  results  are  simply  useful  as  showing  what  can 
be  done  under  very  favourable  circumstances,  and  for  a  very 
short  time. 

If  the  hole  is  directed  downwards,  the  miner  throws  in  a 
little  water  and  bores  the  rock  wet.  A  ring  of  rope  or  leather 
put  round  the  drill  prevents  the  water  from  splashing  him. 
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of  cMpper  or  ainc,  at  the  end  of  a  copper  or  wooden  rod,  which 
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is  used  for  introducing  loose  gunpowder  into  holes  which  are 
more  or  less  horizontal.  The  scraper  and  spoon  are  often  com- 
bined (Fig.  174).     In  the  Festiniog  Slate  Mines,  a  copper  tube 

Fig.  174. 
6k 


5  feet  long,  with  an  expanded  mouth,  is  sometimes  used  for 
putting  a  second  charge  of  gunpowder  to  the  bottom  of  a  hole 
which  has  simply  produced  a  rent,  without  severing  the  block 
of  slate  from  the  working  face. 

Under  the  Coal  Mines  Regulation  Act  of  1887,  prickers, 
scrapers,  chargers,  and  stemmers  must  not  be  made  of  iron  or 
steel;  the  Metalliferous  Mines  Act,  1872,  likewise  prohibits 
iron  or  steel  prickers,  but  allows  iron  stemmers,  provided  they 
are  not  used  in  the  early  part  of  the  operation  of  tamping. 

Cartridge  Stick. — The  cartridge  stick  is  a  smooth  cylinder  of 
wood,  around  which  paper  is  bent  in  order  to  make  cases  for 
holding  gunpowder  or  the  tamping  materia],  when  these  have 
to  be  inserted  into  holes  which  have  a  very  decided  upward  in- 
clination. The  paper  is  fastened  by  a  little  pitch  softened  in 
the  miner's  candle.  One  advantage  of  cartridges  for  all  holes 
is  the  absence  of  danger  from  grains  sticking  to  the  sides ; 
when  powder  is  put  in  loose,  a  premature  explosion  may 
happen  from  such  grains  being  ignited  during  the  process  of 
tamping  and  conveying  fire  to  the  charge. 

Claying-har, — The  claying-bar  (Fig.  175)  is  a  smooth  rod  of 
steel  a,  expanded  at  one  end  into  an  eye  c.  It  was  used 
formerly  for  lining  wet  holes  with  clay,  and  so  rendering  them 
temporarily  watertight,  and  fib  for  holding  a  charge  of  gun- 
powder.    Lumps  of  clay  were  put  into  the  wet  hole,  and  the 

Fig.  175- 
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claying  iron  was  driven  in  by  blows  on  the  head  &,  forcing  the 
clay  into  every  fissure.  By  putting  an  iron  bar  through  the 
eye,  it  could  easily  be  twisted  and  withdrawn.  Nowadays  wet 
holes  are  almost  invariably  charged  with  some  nitro-glycerine 
explosive,  and  the  claying-bar  is  rarely  required. 

Rending  Holes, — Where  a  stone  can  be  made  to  rend  along 
certain  lines,  cost  may  be  saved  by  shaping  the  holes  so  as  to 
start  the  rifts  in  the  desired  directions.  This  is  the  principle  of 
the  E^ox  system  of  blasting  employed  at  the  sandstone  quarries 
of  Portland,  Conn.,  and  elsewhere  in  the  United  States.     A 
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cheaper  and  easier  to  work  the  ordinary  pumps  a  little  faster 
than  to  erect  special  air-compressing  machines.  Hydraulic 
power  has  the  disadvantage,  compared  with  the  pneumatic 
power,  of  not  ventilating  the  workings  ;  and  in  certain  cases, 
.when  the  floor  is  soft  and  clayey,  or  composed  of  rock-salt  or 
saliferous  marls,  the  flow  of  water  would  be  objectionable. 

The  petroleum  engine,  an  invention  of  modem  times,  is  used 
to  some  extent  in  mines,  not  only  for  breaking  ground,  but  also 
for  pumping  and  hauling.  It  resembles  a  gas  engine,  save  that 
the  explosive  mixture  is  produced  by  heating  a  spray  of 
petroleum  and  air.  It  is  found  that  the  consumption  of 
ordinary  mineral  oil  is  decidedly  less  than  i  pint  per  brake 
horse-power  per  hour;  reckoning  the  oil  at  ^\d,  per  gallon, 
the  cost  of  a  brake  horse-power  per  hour  is  less  than  |d. 
The  danger  which  these  machines  would  introduce  into  mines 
is  self-evident^  and  they  are  not  fitted  for  use  in  breaking 
ground  unless  the  workings  are  of  a  nature  to  allow  them  to  be 
moved  on  rails.  Their  exhaust  gases,  too,  are  objectionable. 
In  the  particular  case  of  the  thick  bed  of  Cleveland  ironstone, 
they  have  been  employed  with  advantage.  The  generation  of 
power  in  the  working  place  itself  is  exceptional. 

TRANSMISSION  OF  POWER.— Power  is  transmitted  in 
mines  in  six  different  ways  : — (i)  By  rods;  (2)  by  ropes  ;  (3) 
by  steam  ;  (4)  by  air ;  (5)  by  water ;  (6)  by  electricity.  Rods 
of  wood  or  iron  are  chiefly  employed  in  the  case  of  pumping 
machinery,  and  ropes  in  the  case  of  hauling  machinery,  both  of 
which  will  be  referred  to  in  later  chapters. 

Steam  generated  by  boilers  above  ground,  and  conveyed  by 
pipes  under  ground,  does  not  commend  itself  for  driving 
machines  at  the  working  faces  in  mines,  though  it  is  not  un- 
commonly used  to  actuate  underground  hauling  or  pumping 
engines  in  the  neighbourhood  of  the  shaft  The  drawbacks  to 
its  employment  are  the  loss  of  pressure  through  condensation 
in  the  pipes,  the  inconvenience  and  danger  of  leaks,  the  dis- 
comfort of  the  heat,  and  the  trouble  of  the  exhaust  steam. 
The  first  defect  may  be  considerably  lessened  by  carefully 
jacketing  the  pipes. 

However,  it  is  often  expedient  to  convey  steam  in  pipes,  coated 
with  some  non-conductor,  and  provided  with  traps  for  condensed 
steam,  to  work  rock-drills,  &c.,  in  large  open  casts  or  quarries. 

There  remain,  then,  for  underground  employment :  air, 
water,  and  electricity,  all  of  which  are  in  practical  use  at  the 
present  time. 

Air. — The  transmission  of  power  by  compressed  air  has  the 
advantage  that  the  exhaust  from  the  machines  often  benefits 
the  ventilation;  there  are  the  drawbacks  that  noxious  gases 
are  occasionally  produced  in  the  process  of  compressing,  and 
that  the  loss  of  power  is  considerable, 
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early  form  was  that  of  Sommeiller ;  and  Angstrom's  compressor, 
used  with  success  in  Sweden  in  the  infancy  of  rock-drills,  was 
one  of  the  same  type.  It  consisted  of  two  vertical  barrels, 
connected  at  the  bottom,  and  each  provided  at  the  top  with  an 
inlet  and  an  outlet  valve.  The  barrels  were  filled  with  water  in 
such  a  manner  that  the  up  and  down  motion  of  the  piston  forced 
the  air  out  or  drew  it  in,  according  as  the  column  was  being  made 
to  rise  or  sink.     The  piston  made  only  four  strokes  a  minute. 

Hanarte's  compressor  (Fig.  179),  still  employed  in  France 
and  Belgium,  has  a  piston  B  travelling  horizontally  like  that  of 
Sommeiller,  but  the  upright  portions  A  A,  instead  of  being 
cylinders,  are  paraboloids ;  0  0  are  the  inlet  valves,  and  D  is 
one  of  the  outlet  valves.  This  arrangement  allows  a  greater 
number  of  strokes  per  minute,  because  the  speed  of  the  water 
diminishes  as  it  rises,  although  the  speed  of  the  piston  may  be 
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uniform,  and  also  because  the  area  of  the  cooling  surface 
increases  in  proportion  to  the  amount  of  heating  generated  by 
compression.  A  Hanarte  compressor  erected  at  Blanzy  in  1887 
could  not  be  driven  at  more  than  24  strokes  a  minute,  and  gave 
some  trouble  from  frequent  repairs  of  the  valvea  Like  other 
machines  of  this  class,  it  also  had  the  defect  of  dashing  a  little 
water  through  the  valves,  but  on  the  whole  it  worked  satis- 
factorily. 

II.  Injection  Compressors, — In  the  injection  compressors,  water 
is  being  constantly  introduced  in  order  to  absorb  heat  from  the 
air,  and  at  the  same  time  it  has  the  effect  of  partly  or  com- 
pletely filling  up  the  clearance  spaces,  and  of  so  still  further 
contributing  to  the  effective  working  of  the  machine.  It  is 
either  drawn  in  through  the  admission  valves,  or,  better,  it  is 
forced  in  as  a  spray.  In  a  finely  divided  state  it  will  naturally 
act  more  efficaciously  in  a  short  time,  which  is  of  the  utmost 
importance  with  a  quick-working  compressor. 

Fig.  180  represents  one  form  of  a  Dubois  and  Francois 
injection  compressor.  A  is  the  piston,  B  B  are  the  two  inlet 
valves,  and  0  0  the  two  outlet  valves.  D  D  are  pipes  bringing 
in  water,  which  is  injected  as  a  spray  into  the  cylinder. 
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up  for  a,  iti(»nent,  and  helps  the  piston  in  its  course  as  soon  as 
the  stioke  is  reversed.  In  the  Burckhardt  and  Weiss  com- 
pressor this  power  is  wasted.  The  cooling  airangements  of  this 
machine  have  been  very  carefully  studi^.  A  current  of  cold 
water  is  made  to  circulate  not  only  around  the  cylinder  as  usual, 
but  also  at  both  ends,  a  matter  of  importance,  because  it  is  pre- 
cisely at  the  ends  that  the  heating  is  greatest,  and  that  there  is 


the  greatest  need  of  refrigeration.  The  piston  and  slide-valve 
are  kept  greased  with  oil  delivered  drop  by  drop  from  one  of 
Weiss's  sight-feed  lubricators.  The  Riedter  compressors  like- 
wise have  a  valve-gear  for  closing  the  valves,  which  open, 
however,  by  air-pressure. 

The  long  experience  of   the   Ingersoll-Sergeant  Drill   Com- 
pany bos  led  them    to    adopt  the   compressor   shown    in  Fig. 
i8i.     It  has  a  double-acting  air  cylinder,  with  an  iutet  valve  a 
on  each  face  of  the  piston.     Fig.  182   is  a 
Fig.  i8i.  perspective  view  of  one  of  these  ring-shaped 

valves.  Thecompressed  air  leaves  the  cylinder 
by  the  valves  b  b  (Fig.  181);  c  c  are  grooves 
I  turned  in  the  ends  of  the  cylinder  which 
f  receive  the  projecting  parts  of  the  valves  on 
the  piston,  and  so  enable  the  clearance  to  be 
reduced  to  0.  minimum.  The  cylinder  is 
kept  cool  by  the  circulation  of  water  through 
the  spaces  d  and  e,  and,  gave  where  there  is  the  outlet 
valve,  the  whole  of  each  end  participates  in  the  refriger- 
ation by  means  of  the  water-jackets  d  d-  The  action  of  the 
compressor  is  simple.  The  au'  enters  the  piston  by  the  tail  pipe 
which  is  attached  to  it,  and,  according  to  the  direction  of  the 
stroke,  opens  one  or  other  of  the  ring-valves  leading  into  the 
cylinder.  When  the  direction  of  the  stroke  is  reversed,  this 
air  is  compresaed,  opens  one  of  the  valves,  b,  and  passes  out  at/. 
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saud.  A  brick  dam  was  erected  in  the  contracted  mouth  of  the 
bottle-like  chamber,  and  in  order  to  make  it  thoroughly  air-tight, 
a  apace  2  inches  wide  was  left  in  the  middle,  and  filled  up  with 
cement. 

The  dam  is  provided  with  a  draiu-pipe,  a  (Fig.  184),  just  above 
the  floor,  and  a  manhole  pipe,  b,  zo  inches  (05  m.)  in  diameter 
clear ;  d  and  e  are  two  of  the  four  pipes  taking  the  compressed 
air  into  the  workings.  Each  pipe  has  a  strong  cock,  and  the 
manhole  cover  carries  a  pressure-gauge.  The  drain-pipe  a  is 
opened  at  least  once  a  day,  to  blow  off  the  dirty  water  which 
accumulates. 

The  underground  reservoirs  have  several  advantages.  In  the 
first  place,  they  cost  only  one-third  of  what  they  would  have  done 
if  constructed  of  sheet-iron ;  secondly,  they  serve  as  accumulators, 
and  by  storing  up  power  make  the  machines  far  more  independent 
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of  the  compressors.  Even  if  the  compressor  stops  for  a  time, 
the  underground  machinery  can  go  on  working  ;  besides,  when 
the  reservoir  is  at  the  surface,  the  machines  nearest  to  it  get  a 
better  supply  than  those  at  a  distance,  A  third  advantage  is 
the  purification  of  the  air,  which  deposits  moisture,  particles 
of  dust,  and  lubricants.  Lastly,  an  underground  reservoir 
cannot  explode. 

The  compre.'^sed  air  from  a  surface  reservoir  is  conveyed  into 
the  mine  by  mains.  They  are  often  made  of  cast  iron  with 
flange  joints  of  some  kind.  Fig.  185  gives  the  joint  used  by 
Mathet  at  Blanzy  for  the  pipes  going  down  the  shaft,  which  are 
4^  inches  (120  mm.)  in  diameter  inside.  The  joint  is  made  air- 
tight by  an  india-rubber  washer,  placed  in  the  groove  shown  in 
the  upper  flange,  which  is  squeezed  tight  when  the  two  flanges 
are  drawn  togethfii-  by  flve  bolts.     The  manner  in  which  the  pipe 
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staunch  ;  they,  therefore,  commend  themselves  to  the  miner. 
The  lap-welded  wrought-iron  and  steel  tubes  have  the  advantage 
of  lightness  and  cheapness,  and  as  they  are  tested  to  at  least 
700  lbs.  per  square  inch  they  are  fully  strong  enough  to  stand 
far  greater  pressures  than  are  met  with  in  the  air-mains  of 
mines.  In  America  the  line  of  welding  is  sometimes  spiral 
instead  of  longitudinal ;  and  in  Great  Britain  Rylands'  glass- 
lined  iron  pipe,  3  inches  in  diameter  internally,  has  been 
chosen  in  one  case  for  the  sake  of  lessening  the  friction. 

The  air-compressors  furnishing  supplies  to  the  Chapin  Mine, 
Michigan,  are  situated  at  a  distance  of  three  miles  from  the 
workings,  in  order  to  take  advantage  of  the  Quinnesec  Falls  as 
a  source  of  power.  The  main  leading  from  the  compressors  is  a 
riveted  pipe  made  of  ^  inch  wrought-iron,  24  inches  in  diameter, 
in  lengths  of  48  feet,  and  having  expansion  joints  every  ten 
lengths. 

For  branches  conveying  air  from  the  mains  to  the  actual 
working  places,  gas-pipe  with  screwed  sockets  is  largely  em- 
ployed. Finally,  when  the  machine  has  to  be  shifted  continu- 
ally, there  is  a  piece  of  india-rubber  hose,  which  should  be 
covered  in  some  way,  so  as  to  prevent  its  being  unnecessarily 
worn  when  being  dragged  about  over  rough  surfaces.  A 
spirally-wound  wire  covering  adds  greatly  to  its  durability. 
Flexible  metallic  tubing  has  been  used  with  success  in  the 
place  of  india-rubber  hose. 

Water.— Force-pumps  at  the  surface  are  made  to  drive  water 
through  pipes  to  places  underground  where  hydraulic  engines 
are  worked  by  its  pressure.  They  may  be  aided  by  an  accumu- 
lator ;  that  is  to  say,  a  cylinder  into  which  the  water  is  forced 
so  as  to  lift  a  plunger  supporting  a  heavy  weight  The  accmnu- 
lator  sei'ves  to  regulate  the  load  upon  the  engine  working  the 
force-pump,  and  to  store  up  power  while  the  mining  machinery 
happens  to  be  idle.  It  acts,  in  fact,  like  the  reservoir  used 
with  an  air-compressor.  A  second  method  of  utilising  power 
at  the  surface  consists  in  drawing  off  water  in  pipes  from  the 
rising  main  of  the  pumps.  In  both  these  cases  any  natural  fall 
of  the  water  adds  its  effect  to  that  produced  by  the  engine  above 
ground. 

Hydraulic  power  has  the  great  convenience,  therefore,  that  it 
is  sometimes  obtainable  without  any  extra  plant  being  required. 
The  water,  after  having  done  its  work,  runs  out  naturally  if  the 
workings  are  above  an  adit,  but  has  to  be  pumped  up  if  they  are 
below  it.  However,  it  may  be  cheaper  and  easier  to  work  the 
pump  a  little  faster  than  to  erect  special  air-compressing  plant. 
Hydraulic  power  has  the  disadvantages,  compared  with  pneumatic 
power,  of  not  ventilating  the  workings,  and,  as  already  pointed 
out,  of  being  objectionable  with  certain  rocks. 

Electricity. — This  method  consists  in  driving  a  dynamo  by 
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)1,  water-power  being  obtained  from  a  fall  of  194  feet  in 
I  feet.  Power  traasmisaion  by  means  of  bigh-voltage  alber- 
]g  current  is  largely  used  in  America.  At  mines  near 
ir  City,  Idaho,  eince  1901  power  has  beon  transmitted  from 
Swan  Falls  27  miles  to  the  mines.  In  the  Kolar  goldfield 
aAia,  4000  horse-power  is  transmitted  92  miles  from  the 
rery  Falls  to  the  mines. 

combination  of  electricity  and  compressed  air  has  been 
d  advisable  in  some  cases.  The  power  is  transmitted  under- 
nd  by  electricity  to  motors  which  drive  small  air-compressors 
dd  in  the  vicinity  of  the  working  places  where  perciiasive 
a  are  required.  An  installation  of  this  kind  has  proved 
assful  at  the  Friedricb  Wilhelm  Mine  in  Upper  Silesia, 
itherto  the  principal  applications  of  electrical  transmitting 
t  have  been  for  pumping,  winding,  and  hauling,  and  less 
been  done  in  the  way  of  machines  for  breaking  ground ;  but 
ry  and  percussive  drills  driven  by  electricity  are  beginning 
B  more  extensively  employed. 

SOAVATINa  MAOHINSBT.— The  machines  used  for 
vating  may  be  classified  as  follows  : — 

I.  Dj^eri. 
II.  Dredges. 

III.  Drillfl  fur  boriDg  bolea  for  blasting  or  wedgiog. 

IV.  Machines  for  outtiog  groores. 

y.  Machines  for  eioaratiDg  complete  tauaels. 
VI,  Shaft -sinking  machines. 

Steam  Digger. — The  steam  navvy,  though  specially  the 
bine  of  the  railway  or  canal  engineer,  must  not  be  forgotten 
Jie  miner,  who  has  to  excavate  large  quantities  of  com- 
.tively  soft  deposits  near  the  surface,  or  to  remove  overbm-den 
L  as  sand,  gravel,  stiff  clay,  or  chalk.  After  a  preliminary 
itering  by  blasting,  even  hard  rock  may  be  shovelled  up  by 


mong  them  may  be  mentioned  Dunbar  ^  Rtuton'a  Steam 
vij  (Fig.  1S9),  largely  used  in  making  the  Manchester  Ship 
al.  It  is  a  steam  crane  which  brings  a  bucket,  armed  with 
b  and  a  sharp  edge,  againnt  the  side  of  the  excavation, 
rs  it  up  and  drops  its  contents  into  a  railway  waggon.  The 
re  needs  but  little  explanation.  A  is  the  vertical  boiler 
ng  steam  to  two  cylinders,  one  of  which  is  shown  at  B. 
je  are  made  to  work  drums  for  raising  and  lowering  the 
cet  C,  by  the  chain  D,  or  tor  turning  the  jib  G. 
1  order  to  work  the  navvy  the  bucket  is  lowered  till  the 
ile  E  is  vertical ;  it  is  then  brought  against  the  bottom  of  the 
king  face,  and  drawn  up  by  the  chain  D ;  the  teeth  enter 
earth,  and  open  the  way  for  the  cutting  edge.  The  bucket 
itself,  is  swung  over  tiie  waggon  by  the  jib,  and  emptied 
lulling  the  cord  H.     It  closes  automatically  when  lowered. 


190  OEE  AND  STONE  MrNING. 

digger  with  success  to  auriferous  gravel,  instead  of  washing  it 
down  b^  the  hydraulic  process. 

Besides  serving  as  true  excavating  machines,  these  steam 
shovels  are  found  economical  for  loading  ore  from  stock  piles  into 
railway  waggons. 

Another  kind  of  digger  may  be  spoken  of  as  a  diy  dredge  ;  a. 
machine  of  this  class,  made  by  a  Liibeck  Company,  is  in  use, 
among  other  places,  at  a  large  openwork  where  brown  coal  is 
being  worked  near  Briihl,  between  Bonn  and  Cologne.  The 
excavating  part  of  this  steam  digger  coosiats  of  a  long  arm  with 
a  chain  of  buckets,  like  those  of  a  dredge,  which  are  brought 
successively  against  the  face  of  the  overburden  and  then  carry 
the  gravel  into  a  hopper ;  side-tipping  waggons  are  run  under 
this  hopper  and  quickly  filled  bj  opening  a  door. 

The  pulley  which  makes  the  endless  belt  of  buckets  revolve  is 
set  in  motion  by  friction  gear,  so  that  there  is  no  fear  of  a  break- 
age, even  when  a  bucket  comes  against  some  very  hard  place  in 
the  overburden  which  it  cannot  penetrate.  The  arm  carrying 
the  buckets  can  be  raised  and  lowered  as  required. 

Theoretically  this  machine  will  excavate  toao  cubic  metres 
( 1 300  cubic  yards)  in  ten  hours ;  the  actual  work  is  ateited  to  be 
about  700  cubic  metres  (915  cubic  yards)  in  that  time. 

The  BucyruB  Steam  Shovel  Company  likewise  makes  a  machine 
of  this  type. 

II.  Dredges. — The  beds  of  rivers  and  lagoons,  alluvial  flats, 
and  even  sea  beaches  and  bottoms,  sometimes  contain  minerals 
which  in  many  districts  are  excavated  by  dredges  such  as  those 
used  for  improving  harbours.     There  are  three  types  : — 

(1)  Bucket  dredger. 

(2)  Grab  dredges. 

(3)  Suction  dredges. 

I.  Bveket  Di-edqex. — Kincaid  &  M'Queen's  machine,  used  with 
success  upon  the  Molyneuz  River,  New  Zealand,  is  a  big  barge, 
66  feet  long,  with  an  endless  chain  of  buckets  and  a  pontoon  on 
each  aide.  The  total  width  of  the  barge  and  two  pontoons  is 
26  feet. 

The  dredges  are  worked  by  a  steam-engine  upon  the  bai^e. 
The  engine  also  drives  a  cylindrical  screen  for  separating 
any  large  stones.  It  is  a  vertical  inverted  compound  steam- 
engine,  with  cylinders  of  12  inches  and  21  inches  diameter 
respectively,  and  tS  inches  stroke,  working  at  a  pressure  of  60 
lbs.  per  square  inch. 

The  buckets  can  be  made  to  raise  as  much  as  1 50  \xms  of  stuff 
per  hour,  and  to  excavate  to  a  depth  of  25  feet  below  the  level  of 
the  water.  A  steaoi  winch  serves  for  raising  and  lowering  each 
of  the  dredging  ladders,  or  frames,  carrying  the  endless  chains  of 
buckets,  and  also  for  working  the  mooring  chains. 
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water.  It  is  placed  upon  a  barge,  and  the  suction  pipe  can  be 
lowered,  raised,  or  moved  from  one  side  to  the  other,  so  as  to 
attack  any  part  of  the  sea  or  river-bottom.  A  dredge  of  this 
type,  used  for  excavating  the  ocean  beach  at  the  mouth  of  the 

Fig.  19a 


Waipapa  Creek,  New  Zealand,  had  suction  and  delivery  pipes 
12  inches  in  diameter.  Suction  dredges  have  not  come  into 
general  favour ;  they  appear  to  do  their  best  work  on  fine  sands 
and  gravels  containing  pebbles  and  boulders  only  exceptionally. 
Where  boulders  have  been  present  in  quantity,  they  have  proved 
wholly  unsuccessful. 

III.  Bock  Drills — Most  of  the  machine  drills  have  a  percus- 
sive action,  but  a  few  are  rotary ;  for  F.  M.  Stapff  pointed  out 
in  1869  that  if  a  rock  may  be  chipped  off  by  power  communi- 
cated by  a  blow,  it  may  also  be  chipped  off  by  a  similar  amount 
of  power  communicated  by  pressure. 

I.  Rotary  Drills. — Following  the  order  adopted  in  the  case 
of  the  hand  tools,  the  rotary  machines  will  first  be  described. 

Brandt's  rotary  drill  consists  of  a  hollow  borer  which  has  a 
steel  crown,  with  cutting  edges,  screwed  on.  The  tool  is  kept 
tight  against  the  rock  by  the  pressure  of  a  column  of  water,  and 
is  at  the  same  time  made  to  rotate  by  two  little  water-pressure 
engines,  whilst  a  stream  of  water  passing  down  through  the 
borer  washes  away  the  chips  and  sand,  and  keeps  the  cutting 
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direction  required  for  driving  the  tunnel.  The  holes  are  from 
i-i  inch  to  1-3  inch  (28  to  34  mm.)  in  diameter.  The  result 
of  the  experiments  is  that  in  hard  clay-slate  with  numerous 
veins  of  quartz,  or  in  gneiss,  gr&nite,  or  rocks  of  similar  hard- 
ness, a  level  can  be  driven  nearly  twice  as  fast  as  hj  hand,  and 
at  about  the  same  cost 

It  is  also  possible  to  attach  a  motor  of  some  kind  to  a  t>rist 
drill  similar  to  Elliott's  hand  tool  already  described.  The 
Jeffrey  Manufacturing  Company,  Columbus,  Ohio,  have  well- 
designed  drills  of  this  class  driven  by  air  or  electricity. 

For  working  ,the  Cleveland  ironstone,  Mr.  Steavenson  has 


employed  twist  drills  driven  by  water  power,  petroleum  engines, 
or  electricity.  His  drill  is  shown  by  Fig.  191  :  A,  electric 
motor;  B,  hollow  arm  with  a  shaft  inside  driven  by  A,  and 
working  the  bevel  wheel  0  by  suitable  gearing ;  D,  twist  drill ; 
E,  socket  for  drill ;  F,  universal  joint  connecting  the  feed-ecrew 
G  to  the  drill  socket;  H,  feed-nut.  The  electric  motor  counter- 
balances the  drill  and  gearing.  Fig.  191  is  a  similar  drill 
worked  by  a  Priestman  petroleum  engine. 

The  cost  per  ton  of  getting  the  Cleveland  ironstone  has  been 
greatly  reduced  by  the  adoption  of  these  machines  in  the  place 
of  band  labour  ;  but,  as  is  usually  the  case,  the  cost  of  explosives 
per  ton  of  stone  broken  has  increased,  because  boles  are  bored  so 
easily  and  quickly  that  less  care  is  taken  in  planning  tbem. 
The  extra  cost  of  powder  is  more  than  repaid  by  the  saving  in 
labour. 

2.  FercuMive  DriUr — Machine  drills  are  usually  designed 
with  a  view  of  carrying  out  the  three  operations  of  bond-work 
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Bite  with  two  or  three  edges  are  not  so  easily  sharpened  as 
those  which  have  but  one ;  however,  the  work  of  Uie  smith 
may  be  lightened  by  using  a  swage  {dally  U.S.A.),  which  is, 
practically,  a  steel  mould,  into  which  one  end  of  the  steel  bar 
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iit  placed  when  soft,  whilst  blows  are  struck  upon  the  other 
end.  This  gives  the  proper  shape,  and  the  smith  can  finish  up 
the  hit  upon  the  anvil.  The  adoption  of  the  ingenious-shaped 
bars  of  the  Crescent  Steel  Company  of  Chicago  (Fig,  197)  might 
likewise  relieve  the  smith,  but  the  saving  of  labour  at  the  forge 
is  not  the  only  advantage  claimed  for  the  invention.  The 
shaped  steel  will  discharge  the  debris  more  freely  than  round 
steel,  a  matter  of  nu  alight  import- 
ance, for  the  cleaner  the  hole  the 
more  effective  the  blow ;  the  little 
chips  should  be  got  rid  of  as  soon 
as  possible,  and  any  means  of 
facilitating  the  discharge  should  be 
welcomed.  A  represents  the  pattern 
made  originally  for  the  iron  mines 
of  Lake  Superior,  and  B  the  section 
preferred  in  the  Rocky  Uountains.  Bars  having  a  centr&l 
hole  enabling  water  to  be  delivered  at  the  point  of  the  tool, 
have  been  adopted  at  many  mines. 

Less  sharpening  is  required  when  boring  by  a  machine  than 
when  boring  the  same  depth  by  hand,  and  for  two  reasons  : 
first,  the  bit  suffers  less,  because  the  blow  given  by  the  machine 
is  straighter  and  fairer;  and  secondly,  owing  to  the  greater 
force  of  the  blow,  work  can  be  done  by  the  tools  when  they 
have  become  very  much  blunter  than  those  which  would  be  put 
aside  in  hand-drUling. 

Several  machines  have  been  introduced  with  the  view  of 
superseding  expensive  skilled  labour  in  sharpening  drills  at 
large  mines.  The  Bradbury,  Burness,  Daw,  Kimber,  Liddel, 
Hyers,  and  Wanliss  Drill  Sharpeners  have  received  application 
at  some  of  the  mines  on  the  Band.  Truscott  states  that  in 
general  such    machines  have    given  satisfaction.       However, 
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For  the  purposes  of  this  work  it  will  be  quite  euffident  to 
describe  oaly  a  few  of  these  macbiaeB,  espedsJly  as  in  many 
instances  there  is  a  great  similarity  between  them. 

(i)  The  Climcu:  Drill  (Pig.  198)  consists  of  cylinder  A,  two 
pistons  B  B,  and  the  boss  or  swelling  O  which  sta-ikes  the  valve, 
D  and  rocks  it  up  and  down  on  the  centre  pin  E.  The  valve 
has  two  admission  ports,  F  and  F',  which,  when  passing  corre- 
sponding ports  in  the  valve-chest  face,  allow  the  compressed 
air  to  pass  into  G  or  G'.  On  the  inner  face  of  the  valve,  above 
F  and  F',  there  are  two  recesses,  precisely  similar  to  H  and  H'^ 
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which  control  the  two  ports  on  each  side  of  the  valvs-chest 
face.  In  the  position  shown  in  the  figure,  the  compressed  air 
could  pass  from  the  valve-chest  through  F'  into  G'  and  drive 
the  piston  forward,  whilst  the  air  in  the  front  part  of  the 
cylinder  would  escape  by  G,  which  is  now  put  into  communica- 
tion with  the  exhaust  port  by  the  recess  above  F.  The  object 
of  the  two  recesses,  H  and  H',  is  to  enable  the  valve  to  be 
reversed  when  one  face  is  worn.  The  rotation  is  effected  by  a 
rifled  bar  I  at  the  back  end  of  the  cylinder,  which  projects  into 
a  long  cavity  K  in  the  rear  piston  and  piston  rod.  It  can  be 
turned  easily  in  one  direction,  but  is  prevented  from  moving  in 
the  opposite  direction  by  the  teeth  of  a  crown  ratchet  clutch  L, 
a  device  which  is  thought  by  the  maker  to  offer  a  better 
guarantee  against  injury' than  the  ratchet  wheel  with  one  or  two 
pawls  common  in  most  other  drills.  When  the  piston  moves 
forward,  the  nut  in  the  rear  piston  passes  over  the  rifled  bar, 
and  causes  it  to  turn  round  ;  but  when  the  motion  of  the  piston 
is  reversed,  the  rifled  bar  is  prevented  from  turning  by  the 
ratchet  clutch,  the  piston  is  forced  to  rotate,  and  with  it  the 
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pin.  The  air  enters  the  Talve-chest  at  0,  and,  when  the  piston  ha^ 
reached  the  position  ehovn  in  the  figure,  it  finds  its  way  round 
the  valve  to  S',  enters  the  port  F',  and  finally  reaches  the  rear 
end  of  the  cylinder ;  when  the  valve  is  reversed,  it  goes  past 
N  into  P,  and  to  the  front  end  of  the  cylinder.  The  port  P  is 
shown  in  the  figure  communicating  by  the  slide-valve  with  the 
exhaust  E.  The  letters  B  S'  represent  a  shallow  recess  cut 
round  the  piston,  in  reality  making  one  piston  into  two ; 
F  P"  are  two  ports  leading  to  the  exbaust,  and  lastly  D  D'  are 
two  small  ports  which  communicate  crosswise  with  the  ends  of 
the  valve-chest ;  that  is  to  say,  D  is  connected  with  the  end 
R',  and  D'  with  the  end  R. 

Bearing  these  details  of  construction  in  mind,  the  action  of 
the  drill  can  be  followed.     The  drawing  shows  the  machine 


ready  to  begin  its  forward  stroke.  The  rear  end  of  the  valve 
chest  is  connected  with  D,  which  is  closed  by  the  piston, 
whilst  the  front  R  is  open  through  D'  and  the  annular  recess  8 
to  the  port  F'  and  the  atmosphere.  The  compressed  air  from 
0  leaking  past  the  rear  valve-piston  presses  upon  it  and  keeps 
it  in  the  position  shown,  for  any  air  leaking  past  the  other 
valve  piston  at  the  end  R  can  escape  vid  D',  S,  F'  and  E  into 
the  atmosphere. 

We  will  now  suppose  that  the  main  piston  M  is  being  driven 
forward  by  the  pressure  behind  it;  the  annular  space  S 
gradually  approaches  the  port  D,  but  the  length  of  the  groove 
IS  so  arranged  that  D'  becomes  closed  just  before  D  is  opened 
to  the  exhaust.  When  the  new  state  of  things  has  arisen — 
that  is  to  say,  when  D  is  open  to  the  exhaust  and  D'  closed — 
the  pressure  in  the  space  R'  at  once  drops  to  that  of  the 
atmosphere,  and  the  vulve  is  driven  across  by  the  pressure 
apon  the  piston  at  the  end  R. 

At  both  ends  of  the  cylinder  there  is  a  strong  india-rubber 
washer,  protected  by  a  steel  washer,  which  is  represented  by  a 
black  line.  If  the  miner  fails  to  feed  his  machine  forward 
properly,  the  elasticity  of  the  washer  prevents  the  end  of  the 
cylinder  from  being  Imiken.     The  rotation  is  performed  by  the 
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eual  rifled  bar  aud  ratchet  wheel,  and  the  machioe  ia  advanced 
ly  turning  the  handle  and  60  causing  the  carrying  nut  to  move 
Jong  the  feed  ecrew. 

The  OptimM  Drill,  invented  by  F.  J.  Ogle,  has  two  pistons,  a 
irge  one  in  front  and  a  small  one  behind.     The  compressed  air, 
after  acting  at  the  rear  end  and 
Fias.  301  AND  303.  making  the  tool  strike  its  blow, 

ia  led  to  the  front  end  of  the 
cylinder,  and  presaing  upon  the 
large  piston  drives  it  back.  The 
inventor  claims  considerable  eco- 
nomy for  his  drill,  because  the  back- 
ward stroke  ia  made  with  air  which 
usually  goes  direct  to  the  exhaust. 
Figs.  30a  and  103  show  one 
method  of  attaching  the  drills  to 
»  j  v         the  piston-rod.     A  is  the  piston- 

iMCHca  rod  with  an  enlarged  head,  U ; 

B  is  the  shank  of  the  tool  which 
s  gripped  in  the  socket  by  a  chucking  block  B,  tightened  by  a 
J-shaped  clamping-bolt  C. 

.(3)  Franlce  Dnll.  This  drill  {Fig.  204)  is  especially  interest- 
ng  from  being  the  smallest  and  lightest  boring  machine  in 
kctual  use.  Including  the  borer,  it  weighs  only  16  lbs.  {^\  kil.), 
md  it  may,  therefore,  be  placed  at  one  end  of  the  scale  whilst 
rhe  ponderous  "bosseyeuse"  of  Dubois  and  Francois  occupies 
.he  other.  Both  in  his  drill  and  in  his  mechanical  chisel, 
("ranke  adopts  the  principle  of  doing  the  work  by  a  light  blow 
'epeated  very  rapidly  indeed,  instead  of  a  heavy  blow  at  less 
requent  intervals. 

The  principal  parts  of  the  machine  are : — A,  outer  case  or 
ihell ;  A',  cylinder  proper ;  B,  piston ;  C,  ring-shaped  slide- 
ralve,  which  can  slide  backwards  and  forwards  in  a  short  recess 
n  the  piston  ;  D,  tool-holder ;  E,  pipe  bringing  air  ;  F,  rear  end 
>f  cylinder  proper  with  admission  ports ;  G,  spiral  spring ;  H, 
ixhaust  port;  /,  piston-rod  ;  J,  striking  bead  of  piston-rod  ;  P, 
>in  passing  through  the  piston-rod  ;  a,  passage  bringing  air 
'rom  F;  b,  port  admitting  air  to  slide-valve;  e,  one  of  three 
ongitudinal  passages  connecting  the  front  end  of  the  piston 
ffith  the  annular  recess  in  which  the  slide- valve  works ;  e,  one  of 
ihree  similar  passages  connecting  the  same  recess  with  the  rear 
and  of  the  piston  ;  /,  hollow  centre  of  piston  and  piston-rod 
^ommunicat]ng  by  g  with  the  exhaust  port  H;  h  k,  two  of  the 
ihree  radial  passages  which  put  the  slide-valve  C  into  connection 
irith  /;  i,  part  of  tool  -  hoi  der ;  j,  collar  preventing  the  tool- 
lolder  from  being  driven  back  too  far ;  I  /^,  straight  slots  in  the 
ihell  A;  o  Oi,  oblique  slots  in  the  hollow  cylinder  q ;  g^,  end  of 
ibe  cylinder  ^ ;  i-r,,  ends  of  the  pin  P;  tf,  pawls  attached  to 7,; 
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I,  hexagonal  end  of  the  tool-holder  D;  v,  ratchet  wheel,  which 
an  slide  upon  »  but  cannot  rotate  without  it. 


f 


After  this  description  of  the  parts,  the  mode  of  action  of  the 
machine  can  be  easily  understood.  The  air  is  brought  by  a 
flexible  hoee  attached  to  E,  and  passing  along  the  small  passages 
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with  a  Z-sbaped  bit  1  inch  (95  mm,)  wide.     The  number  of 
blows  has  not  yet  been  determined   exactly ;    but  it  probably 
reaches  8000  to  10,000  per  minute.     The  moving  parte  of  the 
machine    are    constructed    of    soft 
tough  steel,  except  the  slide-valTe, 
for  which  good  wrought  iron  appears 
at  present  to  be  the  most  suitable 
material. 

The  machine  is  used  without  any 
stand,  and  is  simply  held  in  the 
hands  (Fig.  105). 

Among  machin'ea  of  the  hammer- 
action  class  may  also  be  mentioned 
the  Water  Leyner  drill  used  with 
snccess  in  Colorado  and  in  the 
Transvaal.  The  piston,  driven  by 
compressed  air,  has  a  stroke  of  5 
inches.  The  end  of  the  piston  con- 
tinually hammers  on  to  the  end  of 
the  Ixning  tool,  which  is  held  in  a 
hollow  chuck  that  is  carried  round 
by  the  piston-rod  when  it  rotates  . 
under  the  action  of  the  usual  rifled  S 
bar  and  ratchet-wheel.  An  impor-  o 
tant  feature  is  the  water-flushing  £ 
arrangement,  A  small  pipe  conveys 
water  from  the  rear  of  the  cylinder 
right  through  the  piston  and  piston- 
rod  into  the  chuck,  whence  it  passes 
into  the  hollow  drill.  The  con- 
sequence is  that  the  bottom  of  the 
hole  is  kept  clean  and  no  dust  is 
formed.  The  latter  advantage  tends 
to  prevent  miners'  phtbbia  Water 
under  pressure  is  obtained  from  a 
small  tank  which  is  put  into  com- 
munication by  a  piece  of  hose  with 
the  compressed-air  main.  A  small 
hose  brings  in  the  flushing  water, 
the  amount  being  controlled  by  a 
small  hand-wheel;  whilst  a  large 
hose  supplies  the  compressed  air.  A 
Water  Leyner  drill  with  a  cylinder 

3  inches  in  diameter  weighs  only  155  lbs.  The  Little  Wonder 
air-hammer  rock-drill,  which  is  largely  used  in  America,  weighs 
17  lbs.,  is  >2  inches  long,  and  strikes  3000  blows  a  minute 

(4)  The  Ingersnll- Sergeant  Drill  has  the  peculiarity  of  having 
two  ralves,  a  main  valve  and  an  auxiliary  valve ;  the  latter  is 
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moved  backwards  and  forwards  by  inclinea  or  ehouldera  apon 
ihe  piston,  and,  bj  controlling  certain  air-passages,  it  causea 
differences  of  pressure  which  drive  the  former. 

In  Fig.  zo6  a  is  the  cylinder,  6  the  piston  with  an  annular 
recess  turned  in  it  presenting  two  inclined  shoulders ;  e  is  the 
valve-cheat  into  which  the  compressed  air  enters  from  one  of  the 
sides ;  d  is  the  main  valve,  and  as  it  moves  to  and  fro  it  alter- 
nately places  the  port  e  or/in  oommunication  with  the  exhaust 
g ;  «  leads  to  the  port  h  and  to  the  front  end,  and  /to  the  port  i 
and  to  the  rear  end  of  the  cylinder ;  J,  the  auxiliary  valve,  is  a 
slide-valve  made  in  the  form  of  a  segment  of  a  circle,  and 
having  a  recess  in  one  of  its  flat  faces.  It  is  slightly  longer 
than  its  arc-shaped  seat,  so  that  one  end  of  it  always  projects 
into  the  cylinder.  The  projecting  end  of  the  valve  is  caught  by 
the  corresponding  shoulder  of  the  piston  as  it  passes,  and  it  is 
thus  being  constantly  knocked  backwards  and  forwards.  By 
means  of  its  recess  this  segmental  slide-valve  puts  the  ports  k 
and  I  alternately  into  communication  with  the  port  M,  which 
opens  into  the  exhaust.  The  port  k  leads  to  the  front  end  of 
the  valve-chest,  the  port  I  to  the  rear  end ;  consequently  the 
two  ends  are  being  altornatoly  placed  in  communication  with 
the  exhaust.  The  compressed  air  leaking  past  the  piston-like 
ends  of  the  main  valve  escapes  into  the  exhaust  at  one  end  of 
the  valve-cheat,  hut  exerts  a  pressure  at  the  other  end  where  it 
is  confined,  and  ao  throws  the  main  valve  over,  changing  the 
direction  in  which  the  air  is  being  admitted  into  the  cylinder. 
The  piston  makes  its  stroke,  knocks  over  the  auxiliary  valve,- 
which  in  its  turn  releases  the  pressure  at  one  end  of  the  main 
valve,  and  causes  it  to  move  across  once  more. 

The  rotation  is  effected  by  a  rified  bar,  n,  as  usual ;  but  in- 
stead of  there  being  a  ratchet  wheel  fixed  to  tbis  bar  with  pawls 
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attached  to  the  cylinder,  the  rifled  bar  carries  the  pawls  which 
work  inside  a  ratehet- wheel,  o,  with  internal  teeth,  and  a  smooth 
exterior  (Fig.  207).  The  pawls  are  pressed  out  by  springs,;) 
Fig.  206).  80  far  the  action  is  very  like  that  of  other  drills, 
save  that  the  pawls  move  round  inside  the  wheel,  instead  of  the 
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Via.  log.  Fig.  209, 
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The  Marvin  Electric  Drill  of  the  Bandyeroft  Foundry  Com- 
pany is  based  upon  the  principle  tbat  a  helical  coil  of  wire 
assumes  magnetic  properties  while  a  current  is  passing  through 
it,  and  becomes  capable  of  exerting  a  very  sb'ong  attraction 
upon  a  bar  of  iron  or  steel  placed  in  a  suitable  position.    A  and 
B  (Fig.  Ill)  are  two  hollow  coils 
or    solenoids    of    copper    wire, 
through   which    passes  the  re- 
ciprocating    rod     or     plunger 
C  E  D.     This  is  a  solid  forging 
of  soft  steel  with  a  thicker  por- 
tion E  D,  and  a  thinner  shank 
C  E,  which  elides  freely  through 
a   bearing  in   the  head  of  the 
machine.     At  the  end  C  there 
is  a  chuck  or  socket  to  bold  the 
tool.    The  end  D  is  rifled  and 
engages  with  a  rifled  rod  and 
ratchet-wheel      device,     which 
effects  the  rotation  of  the  tool 
in  the  usual  way.     A  current  is 
led  to  the  drill  by  a  cable  with 
^  three  wires  completing  two  cir- 

n  cuits,  one  wire  being  common 

ri  to  both  circuits.    A  special  two- 

£  phase  pulsating  currentdynamo 

with  auxiliary  exciter  sends  a 
current  during  a  half  revolution 
through  one    solenoid,    say    A, 
which  becomes  temporarily  mag- 
netic and  draws  the  steel  core 
forward,  and  then,  by  means  of 
itscommutatorduring  thesecond 
half   of  a  revolution,    through 
the  other  solenoid  B,  which  in 
its  turn  becomes  magnetic  and 
draws  the  jumper   back.     The 
rear  end  D  of  the  core  is  made 
to  compress  a  spring  on  the  back 
stroke  and  eo  store  up  energy 
which  is  again  given  out  during 
the  forward  stroke,  adding   to 
the  effect  of  the  blow. 
The  dynamo  runs  at  the  very  slow  speed  of  about  380  revolu- 
tions per  minute,  and  the  drill  works  in  synchronism  with  the 
generator,  each  revolution  of  the  armature  producing  one  t«>- 
and-fro  stroke  of  the  jumper. 
The  construction  of  the  coils  is  peculiar,  the  copper  wire  being 
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the  miners'  tools,  and  were  simply  mechanical  picks,  but  since 
then  many  other  groove  cutters  have  been  applied  which  are 
based  upon  different  principles. 

They  may  be  classified  as  follows : — 

1.  Mechanical  picks,  chisels,  and  gouges. 

2.  Travelling  rock-drills  and  jampers. 

3.  Circalar  saw& 

4.  Endless  chains  with  cutters  attached. 

5.  Wire  saw. 

6.  Revolving  toothed  bar. 

(i)  Mechanical  Picks,  dk^c— The  IngersoU- Sergeant  machine  is 
a  strong  rock-drill  with  chisel  bit,  which  chips  out  a  groove  as 
a  carpenter  might  cut  out  a  mortice.  The  chisel  does  not 
rotate.  The  machine  is  mounted  on  two  wheels  and  is  directed 
by  two  handles  behind.  The  Harrison  and  Sullivan  machines 
are  similar ;  they  are  all  sometimes  called  '^  punchers,"  but  more 
often  "pick  machines."  These  have  all  been  designed  more 
especially  for  the  collier ;  but  in  Franke^s  mechanical  chisel  (Fig. 
213)  we  have  a  tool  which  is  being  successfully  employed  in  ore 
mining.  It  is  based  upon  the  principle  of  striking  a  very  large 
number  of  short  and  light  blows  instead  of  a  comparatively 
small  number  of  long  and  heavy  ones.  It  resembles  in  some 
respects  Orossley's  mechanical  caulking  tool  and  McCoy's  chisel. 

The  following  description  is  derived  from  accounts  given  by 
Pilar  and  by  Schrader,  and  from  the  author's  personal  obser- 
vations in  the  Mansf  eld  copper-shale  mines :  a  is  the  outer  shell 
of  the  machine,  h  the  inner  or  real  cylinder,  c  the  piston  with 
the  annular  slide-valve  r,  d  the  tool-holder  carrying  the  chisel 
in  a  deep  socket ;  the  air  is  brought  into  a  by  the  pipe  f ,  and 
finds  its  way  into  h  through  four  broad,  low  passages,  m  7n,  and 
sixteen  small  ports,  similar  to  n  n,  -j^  inch  in  diameter.     The 
front  part  of  the  outer  shell,  a',  serves  as  cylinder  cover  and  as 
guide  for  the  piston  rod,  and  lastly  to  contain  the  tool-holder  dy 
surrounded   by  two  spiral  springs  in  the  space  between  the 
shoulder  p  and  the  cover  «.     The  opening  0  allows  the  air  to 
escape  in  front  of  the  piston-rod,  and  so  makes  the  stroke  easier ; 
/  is  the  exhaust  port,  and  q  a  hole  for  lubricating ;  r  is  the  ring 
valve,  sliding  upon  the  piston,  and  as  soon  as  it  is  drawn  past 
the  port  n,  it  is  driven  either  forwards  or  backwards  by  the  air 
pressure.     In  the  position  shown  in  the  figure,  representing  the 
end  of  the  return  stroke,  the  valve  r  has  been  driven  back,  and 
the  air  is  enabled  to  pass  from  m  into  (7,  and  so  to  the  back  of  the 
piston.     The  air  in  the  space  in  front  of  the  piston  finds  an  exit 
along  the  three  passages  A,  of  which  only  one  can  be  shown  in 
the  section,  and  entering  the  annular  slide-valve,  is  brought  by 
one  of  the  three  radial  passages,  t,  into  the  hollow  central  part 
j  If  of  the  piston  and  piston-rod,  and  eventually  to  the  exhaust  L 
As  soon  as  the  piston,  in  its  forward  stroke,  draws  the  valve  r 
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past  the  port  n,  it  is  thrown  over  by  the  air  pressure ;  g^  throagh 
r,  now  communicates  with  t\  and  the  air  passes  from  the  rear 
end  of  the  piston  to  the  exhaust ;  at  the  same  time  the  three 
passages  h  are  connected  vnith  the  admission  inlets  of  compressed 
air,  and  the  piston  makes  its  return  stroke.  The  piston  is  thus 
driven  backwards  and  forwards,  striking  a  rapid  succession  of 
blows,  estimated  at  several  thousand  per  minute,  upon  the  back 
end  of  the  tool-holder  d^  and  as  fast  as  the  latter  is  knocked 
forwards  it  is  drawn  back  by  the  action  of  the  springs.  The 
tool-holder  is  in  no  way  connected  with  the  piston,  and  is  quite 
free  to  turn  round. 

The  length  of  the  sti*oke  of  the  chisel  is  only  0-06  to  0*08  inch 
(i'5  to  2  mm.)  As  the  annular  slide-valve  closes  the  ports  n  n 
in  passing,  the  air  acts  by  expansion  during  the  latter  part  of 
the  stroka  The  air  pressure  employed  at  Mansfeld  is  60  lbs. 
per  square  inch  (4  atm.) 

The  chisel  is  made  of  \  inch  round  steel  with  an  edge  \  inch 
wide ;  it  is  inserted  in  the  strong  socket  of  the  tool-holder,  and 
the  miner  simply  holds  the  cylinder  so  that  the  chisel  presses 
against  the  shale  which  he  wishes  to  cut  away  (Fig.  204).  It  is 
said  that  a  man  can  undercut  or  "  hole  "  an  area  of  5  square  feet 
(o'5  sq.  m.)  per  hour.  Each  hewer  has  to  make  a  *'  holing " 
about  10  feet  (3  m.)  long,  and  he  carries  it  in  to  a  depth  of  20 
inches  to  2  feet  from  the  face.  The  groove  or  *'  holing  "  is  about 
5^  inches  (14  cm.)  high  at  the  face,  and  becomes  lower  and  lower 
as  it  goes  in. 

The  men  do  not  appear  to  suffer  in  any  way  from  the  vibrations 
of  the  machine,  which  weighs  only  10  lbs.  (4*5  kil.)  including  the 
chisel. 

(2)  Travelling  Bock  DrillB  and  Jumpers.— A  groove  may  be 
made  by  boring  a  succession  of  holes  immediately  touching  each 
other,  or  separated  by  small  partitions  which  are  broken  down 
afterwards  by  a  flat  bit  {proojcJC).  Most  of  the  rock-drill  com- 
panies supply  special  quarry-bars  or  frames,  upon  which  an 
ordinary  boring  machine  can  be  mounted  and  made  to  travel, 
and  thus  cut  a  groove  along  any  required  line. 

With  the  Ingersoll-S&'geant  har-channeller  a  cutter  is  some- 
times used  made  of  three  chisels  placed  side  by  side,  with  their 
edges  arranged  like  the  three  strokes  of  the  letter  N,  in  the 
place  of  an  ordinary  borer.  As  the  carrying  frame  can  be 
inclined,  the  groove  can  be  cut  at  an  angle.  This  machine  is  in 
use  at  the  Oakeley  Slate  Mine  in  North  Wales. 

The  Wardwell  stone  channeller  may  be  regarded  as  a  mechanical 
jumper,  cutting  a  vertical  groove.  It  is  a  portable  6  h.-p.  engine 
with  boUer,  moving  upon  rails,  which  is  made  to  lift  a  set  of 
boring  chisels  or  cutters  consisting  of  five  bars  of  square  steel, 
clamped  together  in  a  line.  The  edges  of  the  centre  and  outside 
chisels  are  transverse,  whilst  the  other  two  are  diagonal,  and 
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in  a  Beam  of  coal,  but  l^ej  are  also  used  in  rock-B&lt  mining. 
A  disc  machine  consists  of  a  caststeel  or  malleable  iron  wbeei  4 
to  6  feet  in  diameter,  armed  with  removable  cutting  teetb  ;  it  is 
driven  by  a  bevel  pinion  which  gears  into  a  circular  rack  near 
the  periphery.  The  power  for  driving  is  obtained  from  a  small 
pair  of  compressed  air  engines,  or  from  an  electric  motor,  placed 
upon  the  carriage  which  suppcn^  the  saw.  The  groove  which  is 
cut  varies  from  3^  to  5^  inches  in  height,  and  is  big  enough 
to  allow  the  bracket  supporting  the  saw  to  enter  it.  Conse- 
quently a  cut  can  be  made  nearly  as  deep  as  the  diameter  of 
the  saw. 

The  carriage  runs  upon  rails,  and  draws  itself  along  by  & 
wire  rope,  which  has  one  end  fixed  at  some  convenient  point  of 
the  working  face,  and  the  other  coiled  upon  a  drum  attached 
to  the  carriage.  The  drum  is  made  to  revolve  by  a  pawl  and 
ratchet-wheel  worked  by  the  engines,  and  there  are  means  of 
regulating  the  number  of  teeth  taken  by  the  pawl  and  in  this 
way  the  advance  of  the  machine. 

Two  men  are  required  for  working  the  machine ;  the  man 
in  front  lays  down  the  rails  and  sleepers,  which  are  taken  up 
and  passed  to  htm  by  the  man  in  the  rear  aa  soon  as  the  machine 
has  gone  over  them.  The  whole  machine  is  only  1  foot  9  inches 
above  the  rails ;  its  width,  exclusive  of  the  saw,  is  3  feet  3 
inches,  and  total  length  9  feet ;  it  weighs  altogether  34  cwt. 
The  makers  state  that  it  will  undercut  to  a  depth  of  39  inches 
in  hard  coal  or  shale  at  the  average  rate  of  13  yards  per  hour, 
with  an  air  pressure  of  about  30  lbs.  per  square  inch.  The  saw 
cuts  from  back  to  front,  and  therefore  cleais  out  the  chippings 
that  it  makes. 

The  Sigg  and  Meikiyohn  maehinf,  which  is  in  operation  in 
Scotland,  is  a  circular  saw  of  somewhat  similar  constanction. 

FiQ.  215. 


The  cutting  of  a  preliminary  groove  in  some  of  the  Cheshire 
salt  mines  has  long  been  done  by  Walkei'a  circular  «aui(Fig. 

An  improved  form  of  the  Winatardey  gate  is  doing  good  work 
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at  the  Blanzy  collieries.  It  is  a  circular  saw  5  feet  (1*50  m.) 
in  diameter,  with  28  removable  cutters,  all  of  one  shape,  upon 
its  circumference.  The  cutters  are  arranged  in  fours,  so  that 
four  of  them  cover  the  whole  width  of  the  holing,  which  is  3 
inches  (7*6  cm.)  high.  Two  small  compressed  air  engines, 
inside  the  waggon  which  carries  the  saw,  drive  a  horizontal 
pinion,  which  gears  into  the  spaces  between  the  cutters;  in 
fact,  the  saw  is  a  cog-wheel  with  a  cutter  inserted  into  each 
tooth.  The  depth  of  the  holing  is  4  feet.  The  total  weight  of 
the  machine  is  35  cwt. 

(4)  Endless  Chain  with  Gutters  attached. — BatrcTs  machine^ 
which  is  used  both  for  coal  and  ironstone,  is  of  this  type.  A 
carriage  moving  on  rails  supports  two  cylinders  worked  by 
compressed  air,  and  these  set  in  motion  an  endless  chain  with 
cutters,  which  revolves  round  two  pulleys,  one  at  each  end  of 
a  jib  or  arm.  The  jib  can  be  made  to  extend  under  the  seam 
for  a  distance  varying  from  2  feet  9  inches  to  5  feet,  and  the 
groove  which  is  cut  is  only  2^^  inches  high. 

It  is  stated  that  a  machine  will  make  an  undercut  2  feet  9 
inches  deep  by  100  yards  in  8  or  10  hours. 

In  the  Jeffrey  heading  and  shearing  machines  the  cutter  chain 
runs  round  a  horizontal  or  vertical  frame  respectively,  which  is 
fed  forward  telescopically  from  a  bed-frame  by  rack  work. 

(5)  Wire  Saw. — A  remarkable  method  of  cutting  stone  is  one 
which  has  been  used  at  marble  quarries  in  Belgium  and  else- 
where, and  is  called  by  the  inventor  the  Helicoidal  Saw  System. 

It  consists  in  sawing  grooves  by  an  endless  cord,  composed 
of  three  steel  wires  twisted  together,  which  travels  on  the  rock, 
and  is  supplied  with  sand  and  water.  The  sand  is  drawn  along 
by  the  spaces  between  the  wires,  and  will  cut  even  very  hard 
stone.  At  present  only  vertical  grooves  have  been  cut ;  the 
first  process  consists  in  sinking  two  pits  for  receiving  the  pulleys 
which  guide  the  cord  in  making  its  cut,  and  which  have  to  be 
lowered  as  the  cut  is  deepened.  The  pits  are  bored  2  feet  4 
inches  (700  mm.)  in  diameter  by  cylinders  of  sheet-iron,  with 
the  lower  and  cutting  edge  made  of  sheet-steel.  The  cylinder 
is  made  to  rotate  at  the  rate  of  100  to  180  revolutions  a  minute 
by  a  vertical  axis  set  in  motion  by  a  horizontal  pulley  at  the 
top,  driven  by  a  wire  rope,  whilst  sand  and  water  are  fed  in  to 
the  cutting  edge.  As  the  annular  groove  is  cut  deeper  and 
deeper,  the  cylinder  is  gradually  lowered  by  a  little  winch  and 
two  wire  ropes.  The  cylinders  now  in  use  are  constructed  so 
as  to  cut  to  a  depth  of  10  feet  9  inches  (3*30  m.).  When  this  cut 
has  been  made,  a  core  remains,  which  can  easily  be  broken  off 
at  the  bottom  and  lifted  out.  In  the  case  of  marble  the  core 
can  be  utilised  and  sold  as  a  column.  If  there  is  a  demand  for 
smaller  columns,  boring  cylinders  of  less  diameter  are  used, 
and   two  or  four  holes  are  bored  side  by  side.      After  the 
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removal  of  the  columns  the  thin  intervening  partitions  of  rock 
are  broken  down,  and  space  enough  is  afforded  for  the  intro- 
duction of  a  pulley  and  a  frame. 

Two  of  these  pulley-pits  are  prepared  at  the  two  extremities 
of  the  line  along  which  it  is  desired  to  make  a  saw-<;ut,  which 
may  be  50  feet  or  more  in  length,  if  required,  and  the  carriers 
are  then  inserted.  The  carrier,  made  of  channel  iron,  supports 
two  pulleys,  each  2  feet  in  diameter ;  one  is  fixed  at  the  top, 
whilst  the  second  is  so  arranged  that  it  can  be  lowered  by  a 
large  screw. 

The  cord  for  sawing  in  the  quarry  is  about  \  inch  (6  mm.)  in 
diameter,  made  up  of  three  wires  of  mild  steel,  twisted  together 
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so  as  to  form  a  strand.  It  is  driven  at  the  rate  of  t  3  feet  (4  m.) 
per  minute,  and  will  deepen  the  cut  in  marble  at  the  rate  of 
3  to  4  inches  or  more  per  hour.  The  friction  of  the  spiral 
wires  on  the  pulleys  and  rock  causes  the  cord  to  revolve  a  little 
as  it  is  carried  forwards,  and  all  parts  of  it  are  thus  equally 
worn.  When  it  is  so  much  worn  that  it  no  longer  presents 
spiral  spaces  which  will  hold  sand,  it  has  to  be  changed.  If  it 
breaks  while  in  use,  it  can  very  easily  be  spliced. 

Fig.  216  represents  the  arrangement  adopted  at  the.Traig- 
neaux  Quarry,  near  Philippeville,  Belgium.  A  B  0  D  E  F  is 
the  wire  cord  travelling  in  the  direction  shown  by  the  arrows ; 
H  and  G  are  the  two  pits  which  have  been  bored  to  hold  the 
pulley-frames.  When  the  cutting  process  began,  the  wire  cord 
would  have  been  running  along  the  line  I  J;  the  groove  is 
gradually  deepened  until  at  last  it  reaches  the  line  K  L. 
When  suitable  vertical  cuts  have  been  made,  the  block  is 
severed  horizontally  by  means  of  wedges. 
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The  helicoidal  wire  saw  has  been  employed  for  quarrying 
marble  at  Carrara,  Italy,  for  some  years.  It  was  applied  for 
subdividing  blocks  of  marble,  but  the  impracticability  of  using 
the  revolving  cylinder,  or  hand  labour  for  sinking  inclined  pits, 
was  an  obstacle  to  its  further  use.  The  difficulty  was,  however, 
overcome  by  Mr.  Monticolo,  who  invented  an  ingenious  appli- 
ance which  he  termed  a  penetrating  pulley,  with  which  it  is 
possible  to  replace  the  somewhat  costly  pit  by  a  bore-hole  3 
inches  in  diameter.  The  penetrating  pulley  consists  of  a  disc 
20  inches  in  diameter,  and  |-inch  thick,  with  a  semicircular 
groove  round  its  periphery,  deep  enough  to  take  half  the  thick- 
ness of  the  wire,  the  other  half  projecting.  The  disc  is  mounted 
on  a  pivot,  and  is  supported  on  a  hollow  steel  shaft  of  slightly 
smaller  diameter  than  the  bore-hole.  To  the  shaft  is  attached 
a  series  of  tubes  of  equal  diameter,  forming  a  column  that  may 
be  lengthened  at  will,  in  the  interior  of  which  is  a  fine  tube, 
serving  for  the  lubrication  of  the  pivots.  As  the  cut  deepens 
the  pudley  is  fed  down  automatically  by  means  of  an  eccentric. 
For  cutting  a  groove  two  bore-holes,  to  receive  the  shafts 
carrying  the  axes  of  the  pulleys,  are  first  made  by  hand  or  by 
the  diamond  drill.  The  pulley  was  first  applied  in  March  1898, 
at  the  Campanile  quarry,  Carrara,  where  cuts  have  been  made 
50  feet  long  and  16  feet  deep,  inclined  at  an  angle  of  five 
degrees  from  the  horizontal.  The  highly  satisfactory  results 
obtained  with  the  penetrating  pulley  serve  to  show  that  there 
is  a  great  saving  of  expense  by  the  substitution  of  bore-holes 
for  pits,  far  less  waste  of  valuable  marble,  increased  rapidity  of 
quarrying,  and  consequently  increased  output.  At  Labass^re, 
in  the  Pyrenees,  the  wire  saw  is  employed  to  make  horizontal 
cuts  across  the  inclined  beds  of  slate,  severing  great  blocks 
without  blasting.  Believing  that  a  similar  system  could  be 
employed  with  advantage  in  North  Wales,  Mr.  G.  J.  Williams, 
Inspector  of  Mines,  studied  the  question  on  the  spot,  and  drew 
up  a  very  valuable  report,  which  was  published  in  1900.  The 
investigation  clearly  showed  that  slate  might  be  worked  in 
many  quarries  in  North  Wales  by  the  wire  saw  method  with 
great  advantage.  There  would  be  less  blasting,  fewer  falls  of 
ground,  less  waste  of  good  rock,  reduced  cost  of  working,  less 
cost  of  explosives,  a  saving  in  the  cost  of  unproductive  work,  a 
saving  in  the  cost  of  removing  rubbish,  no  need  for  quarrying 
worthless  rock  in  underground  workings,  and  the  cost  of  examin- 
ing and  securing  the  roofs  and  pillars  would  be  done  away  with. 

(6)  Bevolving*  Bar  with  CutteiB. — HurdHs  coal-cuttei'  is  one 
of  the  best  forms  of  the  revolving-bar  machines.  It  is  a  bar 
armed  with  teeth  which  is  made  to  revolve  by  the  aid  of  com- 
pressed air  or  an  electric  motor ;  the  machine  hauls  itself  along 
in  the  same  manner  as  a  disc  machine,  and  is  consequently 
specially  suitable  for  long  working  faces.     The  teeth  upon  the 
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bar  cut  a  groove  the  length  oi  which  is  goremed  hj  the  travel 
of  the  machine. 

y.  Wftchlno  for  Ezoavating  Complete  Tnnnela. — Hitherto 
m&chiiieB  of  this  kind  have  been  little  used.  Three  may 
be  mentioned — viz.,  the  Beaumont,  Brunton,  and  Stanley 
tunnellers.     The  two  former  have  been  but  little  used. 

The  Beaumont  machine  received  a  good  deal  of  notice,  owing 
to  its  having  been  employed  for  driving  i6oS  metres  of  the 
proposed  Channel  Tunnel.  It  consists  of  a  very  heavy  horizontal 
iron  shaft,  which  is  made  to  revolve  by  compreseed  air  engines. 
The  shaft  carries  a  cross-head  armed  with  teeth,  which  cut 
away  the  whole  face  by  a  series  of  concentric  grooves.  The 
chips  are  made  to  fall  on  to  an  endless  chain  with  buckets,  and 
are  thus  conveyed  to  a  waggon  behind  the  machine,  so  that  no 
interruption  of  the  work  takes  place  for  loading.  The  machine 
travels  forward  in  a  cradle  which  fits  the  bottom  of  the  circular 
tunnel,  and  when  the  limit  of  advance  is  reached,  the  machine 
is  lifted  up  by  screw-jacks,  and  the  cradle  is  once  more  brought 
under  it,  so  that  a  new  cut  can  be  begun. 

Like  the  Beaumont  machine,  Brunton'e  lumwiler  excavates  a 
circular  drift  by  chipping  away  the  whole  face,  hut  in  this  case 
the  work  is  done  by  steel-cutting  discs  about  lo  to  20  inches 
in  diameter,  and  from  1-inch  to  i-inch  thick. 

Stardet^B  tunneller  (Fig.  317)  is  a  machine  which  is  doing 

Fig.  317. 


good  work  in  driving  headings  in  coal.  It  consists  in  the 
main  of  a  strong  central  shaft,  which  carries  a  cross-head 
with  two  projecting  arms.  At  the  end  of  each  arm  are  three 
steel  teeth  or  cutters.  The  central  shaft  is  made  to  revolve 
by  a  pair  of  small  vertical  compressed-air  engines,  and  the  teeth 
cut  away  an  annular  groove  3  to  4^  inches  wide.  The  chips 
are  brought  out  by  scrapers  attached  to  the  arms  which  carry  the 
teeth.  The  advance  ot  the  cutters  is  caused  by  the  forward 
movement  of  the  main  central  shaft;  this  is  screwed  outside,  and 
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works  in  a  nut  attached  to  the  frame.  The  rate  of  advance  is 
therefore  determined  by  the  pitch  of  this  screw  and  the  speed 
with  which  it  is  made  to  turn  round. 

After  boring  the  annular  groove  to  the  depth  of  a  foot  or  so, 
large  lumps  of  the  central  core  break  off,  and  the  machine  is 
stopped  to  get  them  out.  Work  is  then  resumed  till  the  arms 
have  penetrated  to  their  full  length.  The  machine  is  stopped, 
the  remaining  part  of  the  core  is  wedged  out  and  cleared  away, 
and  now  the  frame  is  run  forward  and  fixed  for  another  cut. 
The  rate  of  progress  when  working  in  coal  is  about  i  yard  per 
hour,  and  during  a  trial  of  24  hours  the  machine  cut  a  tunnel 
64  feet  6  inches  in  length.  The  diameter  of  the  tunnels  is  five 
feet.  Stanley  has  also  made  a  modification  of  his  tunneller  in 
which  the  whole  of  the  face  is  cut  into  little  pieces ;  the  chips 
being  carried  off  by  an  Archimedean  screw  and  delivered  into  a 
waggon  at  the  back. 

YI.  Machines  for  Sixiking  Shafts.— Machines  for  boring 
shafts  are  dealt  with  in  Chapter  Y. 

MODES  OF  USING  HOLES  FOB  BBEAEIKO  GBOXTND.— 
After  holes  have  been  bored,  either  by  hand  or  by  machinery,  a 
force  of  some  kind  has  to  be  applied  inside  them  in  order  to 
produce  a  rending  action.  The  commonest  method  is  to  employ 
an  explosive,  but  the  treatment  of  the  subject  would  not  be 
complete  without  a  brief  mention  of  some  other  processes. 
Holes  may  receive: — 


I.  Wedges. 
II.  Water. 

III.  Wooden  plags. 

IV.  Compressed-air  cartridges. 


y.  Hydraulic  cartridges* 
VI.  Lime  cartridges. 
YII.  Explosives. 


I.  Wedges. — ^When  a  hole  has  been  bored,  a  compound  wedge 
can  be  inserted  which  can  do  the  work  of  splitting  with  far 
greater  ease  than  a  single  wedge  driven  into  a  mere  crack  in  the 
rock.  The  combination  of  three  wedges  is  known  as  the  jplug 
and/eatherSf  a  flat  wedge,  the  plug,  being  inserted  between  the 
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feathers,  which  have  the  outer  face  curved.  The  feathers  are 
placed  in  the  hole  and  the  plug  is  driven  down  between  them 
with  a  hammer  or  sledge. 

Yarieties  of  this  simple  apparatus,  in  which  the  wedge  or  the 
feathers  are  moved  by  hydraulic  pressure  or  by  a  screw  worked 
by  hand,  have  been  used  for  getting  down  coal.  Fig.  2 18  is  the 
Elliott  multiple  wedge  of  the  Hardy  Patent  Pick  Company. 
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II.  Water. — In  cold  climates  the  expansion  of  water  in  freez- 
ing can  be  utilised  for  rending  rocks  in  open  quarries.  A  row 
of  holes  is  bored  in  the  line  along  which  it  is  wished  to  split  off 
a  block  of  stone,  the  holes  are  filled  with  water  and  well  stopped 
with  wooden  plugs ;  when  the  water  is  converted  into  ice,  the 
block  splits  off. 

III.  Wooden  Plugs. — Dry  oaken  plugs  are  driven  into  holes 
and  then  watered.     The  wood  expands  and  causes  a  fracture. 

lY.  Compressed  Air. — Air  compressed  to  about  400  lbs.  per 
square  inch  has  been  employed  experimentally  in  the  place  of 
gunpowder  for  breaking  down  coal. 

y.  Hydraulic  Cartridges. — Levet  proposes  to  use  a  flat 
metallic  tube  placed  in  a  bore-hole,  which  is  rammed  up  tightly. 
The  flat  metallic  cartridge  is  then  connected  with  an  hydraulic 
press,  and  as  soon  as  this  is  worked  the  cartridge  expands,  and 
the  coal  is  broken  off.  Tonge's  so-called  "  hydraulic  cartridge  " 
consists  of  8  to  12  small  rams,  which  are  driven  out  from  a  steel 
cylinder  placed  in  the  hole,  when  water  is  forced  in  by  a  hand- 
pump. 

YI.  Lime  Cartridges. — ^This  plan  is  mentioned  with  the  two 
last,  not  because  it  is  employed  in  ore  mines  at  the  present 
time,  but  simply  to  complete  the  series  of  methods  of  applying 
a  rending  force  in  bore-holes. 

A  small  iron  pipe  is  first  placed  in  the  bore-hole,  which  is 
2f  inches  in  diameter,  and  then  a  cartridge  of  compressed  lime 
with  a  groove  to  fit  the  pipe  is  inserted.  The  hole  is  now 
tamped  up,  and  water  pumped  into  the  pipe,  saturating  the 
charge.  Great  heat  is  evolved,  some  of  the  water  is  converted 
into  steam,  the  lime  expands,  and  large  blocks  of  coal  are 
broken  off. 

YII.  Esqplosives. — Thirty  years  ago  gunpowder  was  practi- 
cally the  only  substance  used  for  blasting  at  mines ;  but  nowadays 
the  number  of  explosives  is  great,  and  a  classification  is  necessary 
before  they  can  be  conveniently  studied. 

Explosives  ordinarily  used  in  mining  may  be  divided  into  six 
main  groups : — 

1.  Gunpowder. 

2.  Chlorate  of  potassium  explosives  [e.g.  cheddite,  rack-a-rock). 

3.  Nitro-cellvlose  explosives  {e.g,  gun-cotton,  tonite). 

4.  Nitro-glyea'ine   explosives  {e,g.    nitro-glycerine,  dynamite,  blasting 

gelatine,  gelatine  dynamite,  gelignite,  Ardeer  powder,  carbonite, 
wetter-dynamite). 

5.  Nitrate   of  ammonium  explosives   {e.g.  ammonite,   bellite,    Cologne 

Rottweiler    safety    powder,    dahmenite,    electronite,    roburite 
westfalite). 

6.  Fulminate  of  mercury  (mainly  used  for  detonators). 

(i)  Gunpowder. — Though  gunpowder  has  lost  much  of  its 
former  importance,  owing  to  the  greater  strength  of  many  of  its 
younger  rivals,  it  is  still  largely  employed  for  several  reasons, 
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viz.,  its  relative  cheapness;  its  slower  action,  which  renders  it 
more  suitable  for  blasting  in  certain  soft  rocks  and  for  producing 
rents  without  any  violent  smashing ;  and  lastly,  its  freedom  from 
certain  dangers  which  cling  to  some  of  the  nitro-compounds. 

The  formula  commonly  given  for  gunpowder  is:  75  parts  of 
saltpetre,  15  of  carbon,  and  10  of  sulphur;  but  the  powder  used 
for  blasting  in  mines  sometimes  contains  less  saltpetre  than  that 
which  is  employed  for  sporting  or  military  purposes. 

The  following  is  an  analysis  of  mining  powder  by  Noble  and 
Abel:— 

Percent^ 

Saltpetre 61*66 

Potassium  salphate 0*12 

Fotassiom  chloride 0*14 

Salphnr 15*06 

Carbon I7'93 

Hydrogen 0*66 

Oxygen 2*23 

Ash o'59 

Water r6i 


lOO'OO 


The  products  of  the  explosion  of  gunpowder,  according  to  the 
same  authors,  are  by  weight : — 


Total  solid  products 
Total  gaseous  products  . 
Water     .        .        .        . 


Curtis  A  Harvey's 
No.  6  Guupowder. 


5774 
4109 

1*17 


100  00 


Mining 
Powder. 


47*04 

51-35 
I -61 


1 00 'CO 


The  solid  residue  of  the  mining  powder  consisted  mainly  of 
potassium  carbonate,  potassium  monosulphide,  and  sulphur. 
The  percentage  composition,  by  volume,  of  the  gas  produced 


was: — 


Curtis  A  Harrer'B 
No.  6  Gunpowder. 

Aiinlng 
Powder. 

3215     . 

3375 
19*03 

7*io 

273 

5*24 

Carbonic  anhydride       .... 

Carbonic  oxide 

Nitrogen         .*.... 
Sulphuretted  hydrogen .... 

Marsh  gas 

Hydrogen                       .... 

50*22 

7*52 

34-46 

2 '08 

2*46 
3 '26 

100*00 

X  00*00 
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The  Yolume  (calculated  for  a  temperature  of  o°  C.  and  baro- 
meter 760  mm.  of  mercury)  of  permanent  gases  generated  by 
the  explosion  of  i  gramme  of  dry  powder  is : — 

Cartis  &  Harvey's  No.  6       «        .        .241*0  cable  centimetres. 
Mining 3603 


f>  >* 


Mining  powder  is  usually  coarse-grained  and  highly-glazed, 
but  the  workmen  who  adhere  to  the  old  plan  of  firing  with 
straws  require  a  little  fine-grained  powder  for  filling  them.  In 
quarrying  and  mining  slate,  a  fin&-grained  gunpowder  of  very 
good  quality  has  been  found  by  experience  to  answer  best  for 
rending  the  rock  evenly  without  smashing  it. 

Gunpowder  is  used  either  loose,  or  in  cartridges  made  by  the 
men  on  the  spot,  or  in  cartridges  supplied  to  them.  Gunpowder 
compressed  into  cylinders  of  diameters  suitable  for  bore-holes, 
and  provided  with  a  central  hole  for  the  insertion  of  the  fuse, 
has  lately  become  almost  universal ;  but  it  has  the  great  dis- 
advantage of  not  fitting  the  bore-hole  so  closely  as  a  pulverulent 
or  plastic  explosive  and  of  having  to  be  broken  up  in  the 
hole. 

Nitrate  Mixtures  other  than  Gunpowder. — As  nitrate  of  sodium 
is  very  much  cheaper  than  nitrate  of  potassium,  inventors  have 
naturally  tried  it  as  a  substitute  for  the  most  expensive  in- 
gredient of  gunpowder.  The  drawback  of  such  explosives  is 
that  they  get  damp,  owing  to  the  deliquescence  of  the  nitrate 
of  sodium;  and  some  of  the  so-called  waterproof  cases  have 
been  insufficient  in  the  humid  climate  of  Great  Britain  to  keep 
out  the  moisture  sufficiently. 

(2)  Ohlorate  of  Potassium  Explosives. — Chlorate  of  potassium 
is  an  unstable  salt,  very  sensitive  to  friction  and  percussion; 
cheddite  is  the  only  explosive  made  from  it  which  is  employed 
in  Great  Britain.  It  is  a  mixture  of  chlorate  of  potassium, 
an  oil  such  as  castor-oil  and  a  nitro-oompound  such  as  nitro- 
naphthalene. 

Eack-a^ock  is  chlorate  of  potassium  soaked  with  '<  dead  oil," 
a  dark  heavy  oil  consisting  chiefly  of  hydro-carbons,  and  derived 
from  coal  tar,  or  with  a  mixture  of  equal  volumes  of  dead-oil 
and  bisulphide  of  carbon,  or  with  di-nitro-benzol.  The  cart- 
ridges of  compressed  chlorate  of  potassium  are  dipped  in  the 
liquid  when  required  for  use ;  the  two  ingredients,  when  sepa- 
rate, are  not  explosive. 

More  than  100  tons  of  this  explosive  were  used  in  the  great 
blast  for  removing  the  Hell  Gate  rocks  in  New  York  Harbour, 
besides  which  large  quantities  had  been  consumed  in  making 
the  underground  galleries.  The  variety  employed  at  Hell  Gate 
consisted  of  79  parts  of  finely-ground  chlorate  of  potassium,  and 
2 1  parts  of  di-nitro-benzol. 

(3)  Nitro-cellulose  Explosives. — Gun-cotton,  the  nitro-cellu- 
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lose  generally  used,  is  prepared  by  the  action  of  a  mixture  of 
nitric  and  sulphuric  acids  upon  cotton.  A  mixture  of  certain 
definite  proportions  and  strength  is  used  in  order  to  secure  the 
special  product  required  as  a  blasting  agent.  It  lacks  the  plas- 
ticity of  dynamite  and  blasting  gelatine,  but  it  can  claim  the 
advantage  of  never  requiring  to  be  thawed.  It  is  compressed 
into  cylindrical  cartridges  to  suit  bore-holes  of  various  diameters, 
with  a  central  hole  for  the  insertion  of  the  fulminating  cap  or 
detonator.  Per  se,  gun-cotton  is  not  largely  used  in  mining. 
When  gun-cotton  explodes  properly  its  decomposition  may  be 
represented  by  the  following  equation : — 

2(C6H70i.3NO») = 9CO  +  3C0a + 7H,0  +  6N. 

One  of  the  products  of  the  explosion  is  the  poisonous 
carbonic  oxide.  This  disadvantage  can  be  counteracted  by  the 
addition  of  a  nitrate,  and  tonite  is  an  explosive  produced  in 
this  manner.  It  is  a  mixture  of  gun-cotton  and  nitrate  of 
barium,  sold  in  cylindrical  cartridges  coated  with  paraffin  to 
keep  out  the  moisture.  By  some  miners  it  is  preferred 
to  dynamite  for  reasons  of  safety.  It  in .  no  way  suffers 
from  frost,  and  there  is  no  danger  of  exudation  of  an  ex- 
plosive oil,  when  a  charge  which  has  missed  fire  has  to  be 
left  in  a  wet  hole. 

(4)  Kitro-glycerine  Explonves — Miners  are  deriving  im- 
mense benefits  from  explosives  of  this  class,  wiiich  includes 
dynamite  and  its  congeners. 

Nitro-glycerine  or  glyceryl  nitrate  is  a  pale  yellow  oily  liquid 
with  a  specific  gravity  of  i'6,  which  freezes  at  about  40°  F. 
(4"  C),  and  explodes  when  heated  to  360°  F.  (182*  C),  or  sub- 
jected to  a  shock. 

Its  chemical  composition  is  expressed  by  the  formula 
C3n^(NOg)3,  and  it  is  prepared  by  the  action  of  nitric  acid 
upon  glycerine.  It  is  extremely  sensitive  to  shocks,  and 
under  the  action  of  a  fulminate  detonator  it  explodes  with 
great  violenca  It  is  less  sensitive  to  detonation  when  frozen 
than  in  the  liquid  state. 

The  results  of  its  decomposition  when  perfectly  exploded  may 
be  represented  by  the  following  equation : — 

2C,Hb(N0,), = 6C0j + 5H,0 + 6N + O. 

Sarrau  and  Yieille  communicated  in  1880  to  the  Academy  of 
Sciences  the  results  of  their  researches  concerning  the  decom- 
position of  certain  explosives,  among  which  is  nitro-glycerine. 
The  following  table  shows,  in  litres,  the  volume  (at  0°  C.  and 
760  mm.  of  mercury)  of  each  of  the  gases  per  kilogramme  of 
the  substance  exploded  in  a  closed  vessel : — 

p 
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Kind  of  Explosive. 

CO 

CO, 

H 

N 
107 

0 

•  •  • 

•  •  • 

•  •  • 

Total 

Pare  gun-cotton    . 
Gun-cotton  and  nitrate 

234 

234 

166 

741 

of  potassium  (50  per 
cent,  each) 
Gun-cotton  (40  per  cent. ) 
and  nitrate  of  ammo- 

■ •  • 

171 

■  •  1 

109 

45 

•  «  • 

•  •  • 

325 

nium  (60  per  cent.)    . 

Nitro-glycerine     . 

Ordinary  blasting  pow- 
der    .... 

•  •  • 

*  •  • 

64 

184 
295 

150 

•  •  « 

4 

211 
147 

65 

6 
25 

•  •  • 

•  •  • 

•  •  • 

4 

•  •  • 

•  •  • 

'7 

401 
467 

304 

If,  however,  the  explosive  is  decomposed,  at  a  pressure 
approaching  that  of  the  atmosphere,  by  burning  or  imperfect 
detonation,  the  volumes  (again  at  0°  C.  and  760  mm.  of  mercury) 
are  very  different,  as  shown  below : — 


Kind  of  Bxplosiye. 

NO, 

CO 

237 
58 

65 
162 

1 
00,       H 

1 

N      C,H4    ToUl 

Pure  gun-cotton      . 

Gun-cotton  and  nitrate  of  po- 
tassium (50  per  cent  of  each) 

Gun-cotton  (40  per  cent.)  and 
nitrate  of  ammonium  (60 
per  cent.)    .... 

Nitro-glycerine 

139 
71 

122 
218 

104      45  ,    33 

57         3        7 

1 
103  1     12     112 
5^         7,6 

7 

« •  • 
•  •  • 

I 

196 

414 
452 

When  these  explosives  are  decomposed  in  this  way,  they 
liberate  nitric  oxide  and  carbonic  oxide,  and  the  analyses  of 
Sarrau  and  Yieille  confirm  the  practical  experience  of  miners, 
who  complain  greatly  of  noxious  fumes,  when,  owing  perhaps 
to  a  bad  detonator,  a  charge  of  dynamite  or  tonite  fails  to 
explode  properly. 

Nitro-glycerine  was  at  first  used  alone,  and  was  fired  by  a 
small  cartridge   of   gunpowder   inserted   into  a  strong  paper 
case  containing  the  liquid ;  this  method  soon  gave  way  to  the 
fulminating  cap.      Numerous   accidents   happened   from    the 
extreme  sensitiveness  of  the  blasting  oil  to  percussion,   and 
these  led  to  its  being  given  up  in  most  countries.      Nobel, 
who  had  introduced  nitro-glycerine,  then  invented  in  1867  a 
method  of  using  the  explosive  with  comparative  safety,    by 
causing  it  to  be  absorbed  by  some  porous  inexplosive  substance 
which  helped  to  deaden  any  shock.     This  was  the  original  dyna- 
mite, but  now  various  mixtures  of  nitro-glycerine  and  otber 
substances  are  made,  and  we  may  place  them  all  in  the  great 
dynamite  class. 
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The  dynamites  may  conveniently  be  arranged  in  two  groups : 

1.  Dynamites  with  an  inert  base  acting  merely  as  an  absorbent  for  the 
liquid  nitro-glycerine.    Example : — Ordinary  dynamite. 

2.  Dynamites  with  an  active,  that  is  to  say,  an  explosive  or  combustible 
base.  This  explosive  or  combustible  base  may  be  charcoal,  gunpo^rder,  or 
other  nitrate  or  chlorate  mixtures,  gun-cotton  or  other  active  compounds. 
Examples : — Blasting  gelatine,  gelatine  dynamite,  gelignite,  Hercules 
powder. 

Dynamite  is  made  by  mixing  75  parts  by  weight  of  thoroughly 
purified  nitro-glycerine  with  25  parts  by  weight  of  infusorial 
earth,  known  as  Kteselguhr,  consisting  chiefly  of  the  minute 
siliceous  shields  of  diatomacese  sufficiently  absorbent  in  quality 
when  mixed  in  the  above  proportions  to  prevent  exudation  of 
the  blasting  oil,  and  a  little  carbonate  of  sodium  or  ammonium. 

At  ordinary  temperatures  dynamite  is  a  plastic  mass,  gene- 
rally somewhat  reddish  in  colour,  owing  to  a  little  ferruginous 
matter  in  the  infusorial  earth.  It  freezes  at  about  40**  F.  (4"  C), 
and  when  once  frozen  remains  hard  at  higher  temperatures  than 
40°  F.  In  the  frozen  state  it  is  less  sensitive  to  detonation 
than  when  plastic,  but  it  is  more  susceptible  to  explosion  when 
set  on  fire.  When  frozen  it  has  to  be  thawed  before  being  used. 
The  natural  warmth  of  some  mines  is  sufficient  to  soften  it  in 
the  short  interval  between  the  time  it  is  taken  below  ground 
and  the  time  it  is  required  for  use ;  but  it  is  generally  necessary 
to  resort  to  artificial  thawing.  A  special  pan  is  supplied  by  the 
makers  for  this  purpose.  It  consists  of  an  outer  can  filled  with 
hot  water  which  encloses  a  receptacle  for  the  explosive.  The 
outer  can  is  surrounded  by  a  bag  of  painted  canvas  filled  with  a 
bad  conductor  of  heat,  so  that  the  water  retains  its  warmth  for  a 
long  time.  The  warming-pan  cannot  be  put  on  to  a  fire  without 
the  outer  covering  being  burnt ;  if  proper  cans  are  supplied,  the 
men  are  less  likely  to  try  the  dangerous  experiments  of  warming 
dynamite  in  an  old  meat-tin  over  a  candle,  or  upon  a  shovel  at 
the  smith's  forge,  methods  of  thawing  that  are  not  unknown. 
In  the  Lamartine  Mine,  Colorado,  a  room  has  been  cross-cut  in 
the  solid  rock,  for  50  feet,  heated  by  steam  to  70°  F.,  and  lighted 
by  electricity.     Seven  hours  are  allowed  for  gradual  thawing. 

The  trouble  of  thawing,  and  the  possibility  of  the  operation 
being  performed  in  a  dangerous  manner  by  the  miners,  are 
decided  disadvantages  to  dynamite ;  and  these  are  not  the  only 
ones.  Its  behaviour  with  water  is  a  source  of  danger.  If  left  in 
contact  with  water,  as  happens  sometimes  when  a  hole  misses 
fire,  the  heavy  oily  nitro-glycerine  separates,  and  finding  its 
way  into  cracks  is  liable  to  explode  with  violence  from  the  mere 
concussion,  when  the  rock  is  struck  with  the  pick,  borer,  or 
sledge.  A  fourth  drawback  lies  in  the  fact  that  the  whole  of 
the  charge  does  not  always  go  off  when  using  a  weak  detonator ; 
portions  may  remain  intact  and  then  explode  unexpectedly  from 
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a  blow,  when  work  is  resumed  after  blasting.  On  the  other 
hand,  the  plasticity  of  dynamite  and  some  other  nitro-glycerine 
explosives  is  a  decided  benefit,  because  the  charge  can  be  pressed 
down  so  as  to  fit  a  hole  which  is  not  perfectly  cylindrical,  or  a 
cartridge  can  be  squeezed  fiat  and  inserted  into  a  crack  without 
boring  any  hole  at  all.  Of  course,  the  main  advantage  of 
dynamite  and  its  congeners  over  gunpowder  is  their  enormous 
strength. 

In  America  dynamite  is  usually  made  of  nitro-glycerine  with 
magnesia  or  nitrate  of  sodium  and  wood-pulp  as  absorbent. 
Several  varieties  are  made  containing  from  20  to  80  per  cent, 
of  nitro-glycerine. 

Blagting  Gelatine, — This  powerful  and  favourite  explosive  is 
made  by  mixing  soluble  nitro-cellulose  with  nitro-glycerine 
heated  to  about  122*  F.  (50°  C.)  until  enough  nitro-cotton  has 
been  dissolved  to  convert  the  nitro-glycerine  into  a  jelly-like 
mass.  The  blasting  gelatine  in  ordinary  use  contains  93  per 
cent,  of  nitro-glycerine,  the  remainder  being  nitro-cotton.  In 
the  plastic  state  it  is  less  sensitive  to  a  shock  or  blow  than 
dynamite,  but  when  frozen  the  reverse  is  the  case.  One  great 
advantage  which  it  possesses  over  ordinary  dynamite  is  that  it 
is  practically  unaffected  by  water.  That  it  must  be  stronger 
than  ordinary  dynamite  is  evident  at  first  sight,  because  an 
active  explosive  is  substituted  for  a  wholly  inert  substance. 
But  there  is  the  additional  reason  that  the  two  explosives 
mutually  assist  each  other.  The  explosion  of  nitro-glycerine,  as 
we  have  seen,  liberates  free  oxygen ;  that  of  nitro-cotton  liberates 
carbonic  oxide.  In  other  words,  the  former  explosive  has  more 
oxygen  than  is  necessary  for  complete  combustion,  the  latter 
less.  The  excess  of  oxygen  in  the  nitro-glycerine  makes  up  for 
the  want  of  it  in  the  nitro-cotton. 

Gelatine  dynamite  is  a  mixture  of  80  per  cent,  of  blasting 
gelatine  with  nitrate  of  potassium  and  wood  meal. 

Gelignite  is  a  similar  mixture  containing  only  65  per  cent,  of 
blasting  gelatine. 

Carhonite  consists  of  the  following  mixture : — 


Parte  by  Weight. 

Not  more  than 

Not  I6H  than 

• 

Nitro-glycerine  .    . 
Nitrate  of  barium   .     . 
Nitrate  of  potassium 
Wood  meal     .    .    . 
Sulphuretted  benzol 
Carbonate  of  sodium 
Carbonate  of  calcium 

27 

36 

42 
i 

25 

30 

39 

•  •  • 

•  •  • 
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Other  TarieMoB  of  the  explosive  contain  such  ingredients  as 
charcoal,  bran,  sawdust,  nitrate  of  barium,  bicarbonate  of  sodium. 

(3)  Nitrate  of  Ammouium  ExploaivaB. — This  class  includes 
the  greater  number  of  the  so-called  "  safety  explosives,"  such  as 
ammonite  and  roburite,  which  have  largely  displaced  gunpowder 
as  a  blasting  agent  in  coal  mines.  They  consist  mosUy  of  nitrate 
of  ammonium  with  the  addition  of  a  small  quantity  of  a  com- 
bustibie  substance  such  as  resin,  or  a  semi-explosive  like  dinitro- 
naphthalene,  or  even  with  an  explosive  like  nitro-glycerioe. 
A  large  uumber  of  them  have  passed  the  test  for  safety  at  the 
Home  Office  testing- station  at  Woolwich,  and  a  list  of  these 
with  their  composition  is  published  periodically  by  the  British 
Home  Office. 

(6)  HlMellaneous  Ezploaives. — Fulminate  of  mercury,  used 
in  making  detonators,  ia  the  only  explosive  of  this  class  which 
requires  any  mention.  Detonators  are  small  copper  cylinders, 
clc»ed  at  one  end,  containing  various  quantities  of  fulminate  of 
mercury.  They  are  made  of  various  sizes  to  suit  different 
explosives. 

Strength. — The  strength  of  explosives  may  be  compared  by 
firing  them  in  holes  bored  in  leaden  cylinders,  and  then  n 
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ing  the  size  of  the  cavity  produced  in  each  case.  Fig.  219 
shows  a  hole  6  inches  deep  bored  in  a  strong  block  of  lead. 
The  firing  of  20  grammes  (11^  drachma)  of  gunpowder  in  such 
a  hole  enlarged  it  but  slightly  (Fig.  220),  whilst  the  dilatation 
caused  in  similar  holes  by  firing  like  charges  of  dynamite  (Fig. 
221),  gelignite  (Fig.  222),  gelatine  dynamite  (Fig.  223),  and 
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blasting  gelatine  (Fig.  224)  illustrates  the  enormously  greater 
power  of  these  nitro-glycerine  explosives.  Mr.  L.  H.  Cooke 
points  out  that  cavities  of  similar  shapes  are  formed  by  blasting 
in  tough  clays. 

Charging  and  Firing.— The  commonest  method  of  firing  a 
charge  is  by  means  of  the  safety-fuse,  a  cord  -^  to  ^  inch  in 
diameter,  containing  a  core  of  gunpowder  introduced  during  the 
process  of  manufacture.  Upwards  of  forty  or  fifty  varieties  are 
made,  to  suit  the  requirements  of  the  miner  and  the  quarryman. 
The  cord  is  somewhat  guarded  against  damp  by  tar,  and,  if  more 
protection  is  needed,  the  covering  is  increased  in  thickness,  and 
a  layer  of  varnish  is  interposed.  For  wet  ground  the  outer 
part  of  the  fuse  is  formed  by  one  or  two  spiral  coils  of  tape 
or  by  gutta-percha.  For  blasting  under  water,  the  coat  of  gutta- 
percha is  often  strengthened  against  injury  by  tape,  or  is  doubled 
or  trebled.  If  still  more  care  is  necessary  in  order  to  secure  an 
absolutely  impervious  envelope,  the  fuse  is  made  of  lead  tube, 
either  bare  or  protected  in  various  ways.  Special  fuses  are 
supplied  for  export  to  warm  countries.  Fuse  is  usually  sold  in 
coils  24  feet  in  length,  but  it  can  be  obtained  in  longer  coils  for 
special  purposes.  One  or  several  white  or  coloured  threads  run 
down  the  centre  of  the  core  of  powder,  and  serve  as  trade-marks 
by  which  the  goods  of  different  manufacturers  can  be  recognised. 
They  are  sometimes  impregnated  with  nitrate  of  potassium,  with 
the  view  of  carrying  the  fire  along  in  case  there  should  accident- 
ally be  a  slight  interruption  in  the  continuity  of  the  core.  Safety- 
fuse  burns  at  the  rate  of  about  two  or  three  feet  per  minute,  so 
it  is  easy  for  the  miner  to  secure  ample  time  for  retreat  by  taking 
a  sufficient  length.  Sometimes  a  fuse  hangs  fire,  and  many  are 
the  accidents  that  have  been  caused  by  returning  too  speedily  to 
a  hole  on  the  supposition  that  the  fuse  had  failed  altogether. 
"  Hang-fires  "  may  be  due  to  damp,  imperfection  in  manufacture, 
or  injuries  before  or  after  the  fuse  was  put  in  the  hole.  Sir 
Vivian  Majendie  has  shown  that  oil  exercises  a  very  retarding 
effect  upon  the  rate  of  burning  of  safety-fuse. 

In  blasting  with  gunpowder  in  the  ordinary  way,  the  charge 
is  put  in  either  loose  or  enclosed  in  a  paper  ba^,  and  it  is  pressed 
down  to  the  bottom  of  the  hole  with  a  wooden  stick,  whilst  a 
piece  of  the  fuse  also  is  inserted,  extending  from  the  charge  well 
beyond  the  hole.  If  the  powder  is  loose,  the  miner  carefully 
wipes  down  the  sides  of  the  hole  with  a  wet  swab-stick,  or  with 
a  wisp  of  hay  twisted  round  the  scraper,  in  order  to  remove  any 
loose  grains  adhering  to  the  fuse  or  the  sides  of  the  hole,  and 
then  presses  in  a  wad  of  dry  hay,  moss,  or  paper.  A  little  fine 
tamping,  often  the  dust  from  boring  a  dry  hole,  is  now  thrown 
in  and  rammed  down  with  the  wooden  charging-stick,  and  the 
same  process  is  repeated  until  an  inch  or  two  of  tamping  has 
been  introduced.     The  metal  tamping-bar  is  now  brought  into 


BREAKING  GROUND.  231 

operation,  and  the  hole  completely  filled.  If  the  hole  is  pointing 
upwards,  the  stuff  for  tamping  has  to  be  done  up  in  little  paper 
cartridges,  which  are  pushed  up  and  then  tightly  rammed. 

The  hole  is  now  ready  for  firing.  As  a  rule  the  safety-fuse  is 
not  ignited  directly.  In  open  quarries  a  piece  of  touch-paper  is 
attached  to  the  end  of  the  fuse,  so  that  in  burning  it  will 
eventually  light  the  gunpowder.  In  mines  a  candle-end  (snuff)  is 
fixed  under  the  fuse  by  a  piece  of  clay ;  it  is  lighted  to  see  that 
everything  is  all  right  and  that  it  will  burn  properly,  and  then 
blown  out.  The  miner  puts  his  tools  out  of  the  way  of  danger, 
and  after  shouting  "  Fire  *'  several  times,  sets  light  to  the  candle 
and  beats  a  retreat  to  some  place  where  there  is  no  fear  of  being 
struck  by  the  blast,  and  whence  he  can  warn  persons  who  might 
otherwise  walk  into  danger  unawares.  The  candle  burns  through 
the  covering  of  the  fuse,  the  fire*  reaches  the  core,  and  is  soon 
conveyed  to  the  charge,  which  explodes  and  does  the  necessary 
work. 

The  old  plan  of  firing,  which  is  still  in  use  in  many  places, 
consists  in  inserting  the  needle  into  the  charge  and  then  tamping 
up  the  hole.  Care  is  taken  to  draw  out  the  needle  a  little  as  the 
tamping  proceeds,  so  as  to  prevent  too  much  force  being  required 
for  its  final  withdrawal.  The  small  hole  left  in  this  way  serves 
for  the  insertion  of  a  straw,  rush,  or  series  of  small  quills  filled 
with  fine  powder,  which,  like  the  fuse,  reaches  from  the  outside 
to  the  charge.  A  short  squib,  which  shoots  a  stream  of  sparks 
down  the  needle-hole,  is  also  used  occasionally.  The  straw  or 
squib  is  lighted  by  some  kind  of  slow  match,  made  either  by 
dipping  a  cotton  strand  in  melted  sulphur,  or  soaking  a  piece  of 
paper  or  a  wooden  lucifer  in  the  tallow  of  a  candle ;  touch-paper 
is  also  used  for  the  purpose. 

Nitro-glycerine  and  nitro-cotton  explosives  are  fired  by  the 
detonation  of  a  strong  cap,  which  is  a  small  copper  cylinder  closed 
at  one  end,  partly  filled  with  a  mixture  of  fulminate  of  mercury. 
The  amount  of  the  fulminate  required  depends  upon  the  ex- 
plosive, and  the  makers  supply  detonators  of  different  degrees  of 
strength. 

The  No.  3  detonators  of  the  Nobel  Company,  supplied  for 
firing  dynamite  (Fig.  225)  contain  0*54  gramme  of  the  mixture ; 
whilst  the  No.  5  detonators,  for  blasting  gelatine  (Fig.  226) 
have  o'8  gramme,  and  the  No.  6  detonators  i  gramme. 

As  full  instructions  for  use  are  issued  with  every  packet  of  the 
nitro-glycerine  explosives,  it  is  not  necessary  to  repeat  them  here. 

Fig.  227  shows  a  hole  charged  with  two  cartridges  of  blasting 
gelatine,  a  primer  (i.e.  a  small  cartridge)  and  cap,  and  after- 
wards filled  up  with  water  as  tamping.  The  fuse  is  turned  back 
and  fixed  by  a  lump  of  clay,  and  the  little  candle-end  is  placed 
in  position  for  lighting. 

Ffeiffer  and  Wiehenkel  proposed  in  1893  to  make  blasting  with 
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high  explosives  safer  tvud  more  efficient  by  interposing  a  column 
of  water  between  the  charge  and  the  primer.  The  concusBion 
produced  by  firing  a  primer  at  the  mouth  of  the  hole  is  com- 
municated hy  the  water  to  the  charge,  and  is  said  to  be  sufficient 
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to  cause  it  to  explode.  Of  course  the  ezplodTe  used  should  be 
one  not  liable  to  set  free  nitro-glycerine  when  in  contact  with 
water,  aa  happens  with  dynamite. 

In  a  few  mines  where  the  straw  still  lingers  in  place  of  the 
fuse,  the  detonator  is  squeezed  on,  and  then  gently  inserted  into 
the  hole  left  by  the  withdrawal  of  the  needle. 

The  workman  employed  in  getting  slate  frequently  desires  to 
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produce  a  rent  without  smashing  the  rock.  He  fills  the  bole, 
possibly  I  o  or  1 1  feet  deep,  almost  up  to  the  top,  with  a  small- 
grained  gunpowder,  and  after  ramming  in  a  wad  of  dry  moss  and 
an  inch  of  tamping,  seta  light  to  the  fuse  in  the  usual  way. 
Provided  his  calculations  are  correct,  the  block  is  severed  off 
cleanly,  and  not  broken  up. 

In  quarrying  sandstone,  Knox  has  found  it  advantageous  to 
leave  an  air-chamber  above   the  charge  of  gunpowder  in  the 
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rifting  boles  (Fig.  228).  A  is  the  powder,  B  the  air-space,  and  0 
the  tamping,  resting  upon  a  wad  of  hay,  grass,  oakum,  or  paper. 

For  the  purpose  of  furing  several  holes  simultaneously,  Messrs. 
Bickford,  Smith  &  Co.,  the  original  inventors  of  the  safety-fuse, 
have  brought  out  a  special  arrangement,  the  action  of  which  is 
rendered  plain  by  the  Fig.  229.  An  ordinary  fuse  is  fixed  into 
a  metal  case  called  the  igniter,  from  which  a  number  of  instan- 
taneous fuses  convey  fire  to  as  many  separate  holes.  It  is  found 
in  practice  that  this  fuse  answers  very  well. 

In  mines  where  the  atmosphere  may  be  inflammable  from  the 
presence  of  fire-damp,  the  burning  fuse  may  become  a  source 
of  danger,  and  a  special  igniter  has  been  devised  by  Messrs. 
Bickford,  Smith  &  Co.,  to  prevent  accidents  arising  from  this 
cause.  With  the  same  object  in  view,  frictional  exploders  have 
been  introduced,  which  ignite  the  charge  when  a  string  is  pulled  ; 
but  these  belong  more  especially  to  the  domain  of  coal-mining. 

Charges  may  be  readily  fired  singly  or  simultaneously  with 
the  aid  of  electricity,  either  of  high  or  low  tension.    Low-tension 
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fuses  have  the  advantage  that  they  can  be  tested  with  a  weak 
current  and  a  galvanometer  before  use.  If  the  galvanometer  is 
not  deflected,  it  is  evident  that  the  fuse  is  defective. 

Fig.  230  shows  a  section  of  one  of  Brain's  high-tension  fuses. 
A  is  a  cylindrical  wooden  case  containing  a  paper  cartridge,  B, 
with  an  electric  igniting  composition,  C,  at  the  bottom.  Two 
copper  wires,  D  D,  enclosed  in  gutta-percha,  E  E,  reach  down  to 
the  composition,  where  they  are  about  -^  inch  apart.  A  copper 
cap  or  detonator,  G,  is  fixed  on  the  small  end  of  the  wooden  case. 
The  insulated  wires  D  D  are  long  enough  to  reach  beyond  the 
bore-hole.  The  ends  of  the  wires  are  scraped  bare,  and  one  wire 
of  the  first  hole  is  twisted  together  with  one  wire  of  the  next 
hole,  and  so  on,  and  finally  the  two  odd  wires  of  the  first  and 
last  hole  are  connected  to  the  two  wires  of  a  single  cable,  or  to 
two  separate  cables  extending  to  some  place  of  safety  to  which  the 
men  can  retreat.  Here  the  two  cable  ends  are  connected  by  bind- 
ing screws  to  a  frictional  electrical  machine  or  a  dynamo  exploder. 

The  electricity  passes  through  the  wires,  making  a  spark  at  each 
break,  and  so  firing  the  electric  igniting  composition.  The 
flame  flashes  through  the  hole  H,  and  ignites  the  fulminating 
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mercury,  the  detonation   of  which  causes  the  explosion  of  the 
dynamite,  blasting  gelatine,  or  tonite  suTTounding  the  cap. 

The  fuses  supplied  by  Nobel's  Explo- 
FiQB.  311  AND  333.  sivea  Company  are  somewhat  different. 
Their  high-tension  fuse  (Fig.  331)  con- 
sists of  a  copper  cap.  A,  into  which  has 
been  pressed  a  mixture  of  fulminate  of 
mercury  and  chlorate  of  potassium,  B  ; 
D  D  are  two  insulated  wires,  the  ter- 
minals of  which  are  embedded  in  Abel's 
I  flashing  composition,  F ;  C  is  waterproof 

cemen^  which  serves  to  bold  the  wires 
in  position  and  to  close  the  detonator. 
The  detonator  and  a  few  inches  of  the 
wire  are  dipped  in  shellac  varnish,  so  as 
to  make  certain  that  no  water  can  pene- 
trate during  use.  The  current  of  elec- 
tricity produces  a  spark  between  the  ter- 
00  o  e         minals,  ignites  the  flashing  composition, 

and  flres  the  fulminate. 
The  low-tension  fuse  (Fig.  z33}differs  in  having  a  tbin  bridge 
of  platinum  wire,  E,  soldered  across  the  terminals.  This  bridge 
is  embedded  in  a  composition,  F,  consisting  of  gunpowder  and 
gun-cotton.  When  the  current  of  electricity  passes  through 
the  bridge,  it  beats  the  wires  to  redness,  igniting  the  composi- 
tion and  flring  the  fulminate  as  before.  In  the  low-tension 
fuse  of  the  Aetna  Powder  Company,  Chicago,  a  copper  cap 
contains  fulminate  of  mercury  at  one  end,  whilst  at  the  other 
two  copper  wires,  insulated  by  a  covering  of  copper,  are  held 
in  place  by  sulphur.  The  bare  ends  of  the  two  copper  wires 
are  connected  by  soldering  on  a  small  piece  of  fine  platinum 
wire,  and  are  surrounded  by  a  priming  of  gunpowder. 

Electric  firing  has  the  great  advantage  of  enabling  the  miner 
to  retire  to  a  perfectly  safe  place  before  attempting  to  explode 
the  charge.  This  is  important  in  sinking  shafts,  where  the 
means  of  escape  are  less  easy  than  in  levels.  A  second  advan- 
tage is  the  absence  of  danger  from  a  "  hang-fire,"  an  occasional 
source  of  accident  with  the  ordinary  safety-fuse.  On  the  other 
hand,  in  the  case  of  simultaneous  blasting,  it  is  impossible  to 
be  sure  whether  all  the  boles  have  gone  off  properly,  and  elec- 
trical firing  was  given  up  in  driving  a  level  in  Saxony  because 
unexploded  dynamite  cartridges  were  so  frequently  found  among 
the  rubbish  after  blasting, 

VRTVUXa  Ain>  BrNXHra — We  now  come  to  the  applica- 
tion of  the  hand  and  machine  tools  in  driving  levels  and  sinking 
shafts. 

A  level  or  drift  is  a  more  or  less  horizontal  passage  or  tunnel, 
whilst  a  shaft  is  a  vertical  or  inclined  pit. 


BREAKING  GROUND. 


»3S 


In  driviog  a  level  by  hand  labour  in  bard  ground,  the  first 
tbing  tbe  mmer  has  to  do  is  "  take  out  a  cut,"  i.e.  blast  out 
a  preliminar;  opening  in  the  "  end "  or  "  forebreast."  The 
position  of  this  first  hole  is  determined  by  the  joints,  or  natural 
planes  of  division,  which  the  miner  studies  carefully  so  as  to 
obtain  the  greatest  advantage  from  them. 

Thus  Fig.  233  shows  a  case  in  which,  owing  to  joints,  it  was 
advisable  to  be^n  with  hole  No.  i,  and  then  bore  and  blast  2, 
3,  and  4,  one  after  the  other.  The  miaer,  as  a  rule,  does  not 
plan  the  position  of  anj'  hole  until  the  previous  one  has  done  its 
work;  in  fact,  he  regulates  the  position  and  depth  of  each  hole 
according  to  the  particular  circumstances  of  the  case. 

In  many  of  the  drivages  at  the  Festiniog  slate  mines  there  is 
a  well-marked  inclined  plane  of  separation,  known  as  the  "  clay 


slant,"  along  which  tbe  level  is  carried.  The  first  boles  are 
directed  towards  this  "  slant,"  and  most  of  them  are  bored  up- 
wards ;  in  this  manner  wedge-ahaped  pieces  of  slato  are  easily 
blasted  out,  and  subsequent  holes  are  bored  so  as  to  increase 
the  size  of  this  opening  until  the  whole  face  of  the  "  end  "  has 
been  taken  away. 

Though  a  vein  and  its  walls  may  be  hard,  there  is  occasion- 
ally a  soft  layer  of  clay  (D  D,  D  D,  Fig.  134)  along  one  wall 
[dig,  Cornwall ;  gouge,  U.S.).  The  miner  works  this  away  with 
the  pick,  and,  aft^  having  excavated  the  groove  as  deep  as 
possible,  blasts  down  the  lode  by  side-boles,  and  so  pushes  the 
level  forward. 

At  St.  Just,  in  Cornwall,  a  narrow  groove  is  worked  out  by 
a  fiat  chisel  called  apeeJcer. 

In  sinking  a  shaft  a  similar  method  of  proceeding  is  adopted. 
A  little  pit  (nnk)  is  blasted  out  in  tbe  most  convenient  part,  and 
the  excavation  is  widened  to  the  full  size  by  a  succession  of  blasts, 
each  hole  being  planned  according  to  circumstances.  This  series 
of  operations  is  repeated,  and  the  shaft  is  gradually  deepened. 

Where  boring  machinery  is  employed,  less  attention,  and 
sometimes  no  attention,  is  ^id  to  natural  joints,  because,  when 
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oDCfl  ttie  drill  ia  in  its  place,  it  ia  very  little  tsxinble  to  bore  a 
few  more  holes,  and  the  work  can  be  carried  on  according  to  a 
system  which  is  certain  of  effecting  the  desired  result. 

A  common  mode  of  driving  in  hard  gronnd  is  shown  in  Figs. 
135  and  336.  Four  centre  boles  are  bored  about  a  foot  apart 
at  first,  but  converging  till  at  a  depth  of  3  feet  they  are  within 
6  inches  or  less  of  each  other. 

Other  holes  are  then  bored  around  them  until  the  end  is 
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pierced  by  twenty  or  thirty  holes  in  all.  The  four  centre  holes 
are  charged  and  fired  simultaneously,  either  by  electricity  or 
by  Bickford'a  instantaneous  fuse,  and  the  result  is  the  removal 
of  a  large  core  of  rock.  The  boles  round  this  preliminary 
opening  are  then  charged  and  fired,  generally  in  volleys  of 
several  holes  at  a  time,  and  the  level  ia 
thus  carried  forward  a  distance  of  3 
feet.  If  large  holes  are  bored,  and  if 
the  ground  ia  more  favourable,  fewer 
will  be  requbed. 

The  Halkyn  Drainage  Tunnel,  Flint- 
shire, was  driven  {7  feet  high  by  7  feet 
wide)  in  limestone  by  fourteen  holea 
for  each  advance ;  they  were  started 
with  a  3^-inch  bit,  and  finished  with 
a  al  inch  bit.  The  holes  were  placed 
as  shown  (Fig.  237),  and  were  Ixn^  to 
a  depth  of  about  3  feet  9  inches  each.  They  were  charged  with 
dynamite,  35  lbs.  being  used  for  the  fourteen  holea,  and  then 
blasted  in  four  volleys : — 

ist  volley: — Nos.  i,  a,  3,  and  4  together,  which  took  out  the 

central  core. 
3nd  volley  : — The  side  holes,  j,  6,  7,  8,  were  fired. 
3rd  volley: — The  top  boles,  9, 10, 1 1,  were  fired,  the  fuses  being 
arranged  so  that  No,  10  went  off  before  Nos.  9 
and  u. 
4th  volley: — The  bottom  holes,  13,  13,  14,  the  fuses  being 
arranged  so  that  No,  13  went  off  before  Noa, 
13  and  14. 
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Fig.  238. 


Roughly  speakmg,  it  took  five  hours  to  bore  the  fourteen  holes, 
and  five  hours  more  to  charge  and  blast  them,  and  clear  away 
the  rubbish. 

Some  engineers  direct  the  four  centre  holes  so  that  they 
meet  at  the  apex  of  an  acute  pyramid,  and,  after  all  have  been 
charged  with  dynamite,  only  one  receives  a  primer  and  cap, 
because  the  shock  of  the  explosion  of  this  charge  is  sufficient  to 
fire  the  other  three  adjacent  charges  simultaneously. 

The  preliminary  opening  is  not  necessarily  made  in  the 
centre  of  a  level.  Sometimes  it  is 
blasted  out  in  the  bottom  or  on  one 
side  where  there  are  natural  joints  to 
favour  one  of  these  methods;  but 
when  the  rock  is  uniform  it  is  best 
made  in  the  centre,  for  there  the 
blasts  can  have  the  freest  play. 

At  Bex,  in  Switzerland,  where 
water  power  is  abundant,  a  con- 
siderable saving  in  cost  has  been 
effected  by  cutting  a  preliminary 
groove  in  the  centre  line  of  the  level 
by  a  hosseyetue. 

Seven  holes,  each  3^  inches  (8  cm.) 

in  diameter,   are    bored    2    inches   ,,-- _-„.««, 

(5  cm.)  api^  in  a  straight  line,  ^^mmmmm 
and  the  borer  is  then  replaced  by  a  tool  which  breaks  down 
the  partitions.  A  groove  2  feet  10  inches  (86  cm.)  long  and 
3^  inch  (8  cm.)  wide  is  thus  formed,  and  after  the  bosseyeuse 
has  been  removed,  holes  1*2  inches  (3  cm.)  in  diameter  are 
bored  around  by  a  Ferroux  drill  as  shown  in  Fig.  238. 

The  holes  A,  B,  0,  D,  E,  F,  G  are  blasted  at  one  time,  but 
the  fuses  of  A  and  B  are  cut  shorter  than  the  others,  so  that 
they  go  off  first.  This  volley  produces  a  large  opening,  and 
then  the  firing  of  hole  H,  and  subsequently  of  the  outside  holes, 
completes  the  level  for  a  length  of  4  feet  (1*20  m.) 


In  dming  with  the  Ferronx  drill  in  the  ordinary  way, 
blasting  oat  a  central  core,  with  dynamite,  the  cost 
per  yard  of  level  driven  was         .... 

By  n^g  the  bosseyeuse  to  make  a  central  groove,  and 
then  the  Ferronx  drill  for  the  remaining  holes,  the  cost 
per  yard  was  only  ...... 

Saving  effected  by  the  nse  of  the  bosseyense  . 


;f  3    5    o 


I  IS    o 
£1  10    o 


The  saving  therefore  is  as  much  as  46  per  cent. ;  but  in  this 
case  the  extra  water  power  required  is  costing  nothing. 

In  sinking  shafts  by  boring  machines,  operations  are  con- 
ducted much  in  the  same  way  as  in  levels,  save  of  course  that 
the  holes  are  directed  downwards. 
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^igs.  239  and  240  are  a  plan  and  a  section  of  a  shaft  which 
was  sunk  at  the  Foxdale  mines  in  the  Isle  of  Man.  About 
forty-five  holes  were  bored  in  the  bottom  of  the  shaft  before 
the  drills  were  removed.  Two  of  the  holes  (A  and  B),  and 
occasionally  four,  were  bored  only  4  feet  deep,  and  were 
blasted  with  ordinary  fuse.  They  served  simply  to  smash  up 
and  weaken  the  core;  then  the  six  holes  nearest  the  centre, 
which  were  8  feet  deep,  were  blasted  all  together  with  Bick- 
ford's  instantaneous  fuse,  and  the  result  was  the  removal  of  a 
large  core,  leaving  a  deep  sink.  The  remaining  holes  were  fired 
in  volleys  of  four  at  a  time  in  the  ordinary  way.     In  this  manner 


Fig.  239. 


FiQ.  240. 


the  shaft,  which  was  in  hard  granite,  was  deepened  at  the  rate 
of  3  j^  or  4  fathoms  a  month.     Tonite  was  the  explosive  used. 

As  compared  with  a  pit  of  circular  or  oval  section,  the  rect- 
angular shaft  gives  more  trouble  in  the  matter  of  taking  out 
the  corners,  which  are  not  so  free  as  the  ground  elsewhere  and 
are  more  difficult  to  excavate.  The  circular  shape  is  the  best 
for  resisting  pressure,  but  wood  is  ill  adapted  for  lining  it; 
consequently  brick,  iron,  or  steel  linings  are  preferred  for  this 
section.  A  smooth  lining  of  brickwork  offers  less  resistance  to 
the  ventilating  current  than  timber,  and  the  app€u*ent  waste  of 
space  is  really  useful,  as  it  allows  greater  quantities  of  air  to  pass. 
The  durability  of  brickwork,  the  rarity  of  repairs,  and  its  non- 
inflammability  are  more  weighty  considerations,  but  wood  is 
often  more  readily  available,  and  for  obvious  reasons  shafts  which 
follow  the  lode,  partly  or  wholly,  are  generally  rectangular. 

FIBE-SETTINO. — Though  hard  ground  is  almost  invariably 
nowadays  attacked  by  boring  and  blasting,  the  very  ancient  pro- 
cess of  fire-setting  is  not  quite  obsolete.  The  effect  of  a  fire  is  to 
make  a  rock  split  and  crack,  and  render  it  easily  removable  by 
the  pick  or  by  wedges. 

Fire-setting  was  in  use  at  the  Bammelsberg  mine  in  the 
Hartz  until  1870.  In  1876  a  level  was  in  course  of  being 
driven  in  the  Kongsberg  silver  mine,  Norway,  through  crystal- 
line schists,  by  this  method.  A  fire  of  logs  of  fir  was  made  in 
the  end^  and  the  smoke  was  conducted  away  to  one  of  the  shafts 
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by  an  oval  sheet-iron  pipe,  2  feet  by  i  foot.  It  took  eight  cords 
of  wood  to  drive  i  fathom  of  level,  and  the  rate  of  advance  was 
9  fathoms  in  7  months.  The  fire  was  usually  made  up  twice  in 
every  24  hours.  In  another  part  of  the  mine  an  adit  level  was 
being  driven  at  the  rate  of  2  fathoms  a  month,  with  a  consump- 
tion of  15  to  18  cords  of  wood.  In  this  case  an  arch  was  built  in 
the  roof  of  the  level  to  form  a  passage  for  the  smoke,  and  the 
iron  pipe  was  used  near  the  end. 

In  driving  a  hard  rock  in  the  gold  mines  of  Korea,  a  pile  of 
wood  is  set  on  fire  near  the  face  of  the  tunnel,  and  allowed  to 
bum  for  24  hours.  The  place  is  then  allowed  to  cool  for  three 
or  four  days,  when  the  miners  return  and  break  down  the 
loosened  rock  with  hammer  and  gad.  Fire-setting  is  also 
employed  in  mining  jade  in  Burmah,  and  in  quarrying  stone 
in  India. '  Lastly,  the  Siberian,  Alaskan^  and  Klondyke  pro- 
spectors avail  themselves  of  the  softening  action  of  the  fire  for 
sinking  small  shafts  through  ice  and  frozen  ground  in  search  of 
auriferous  gravel. 

EXOAVATINa  BT  WATEB.~Water  can  be  applied  either 
for  dissolving  the  rock  or  mineral,  or  for  loosening  it  and  then 
carrying  it  away. 

There  are  two  cases  in  which  water  may  act  as  a  solvent — 
viz.,  common  salt  and  copper.  It  is  used,  as  we  shall  see  in 
speaking  of  the  methods  of  working,  to  dissolve  out  salt  from 
saliferous  rocks,  and  it  can  also  be  employed  for  excavating 
upwards  or  downwards  in  rock-salt.  For  excavating  upwards 
("  putting  up  a  rise  "),  a  jet  of  water  is  made  to  play  upon  the 
roof  of  a  level,  and  means  are  taken  to  carry  o£E  the  brine  in 
troughs  {launderB)  without  dissolving  away  the  floor.  For  sink- 
ing from  one  level  to  another,  a  bore-hole  is  first  put  down,  and 
this  is  gradually  widened  by  the  solvent  action  of  water. 

When  old  workings  containing  the  sulphides  of  copper  are 
left  exposed  to  the  action  of  air  and  the  percolation  of  rain 
water,  part  of  the  copper  becomes  converted  into  a  soluble 
sulphate,  and  water  pumped  up  from  the  mine  may  become  a 
profitable  source  of  the  metal.  This  is  the  case  at  Parys  mine 
in  Anglesey. 

Sometimes  in  holing  in  shale,  e.g.  under  a  bed  of  ironstone, 
water  previously  thrown  on  the  shale  softens  it  and  materially 
lightens  the  labour  of  undercutting. 

There  are  also  two  cases  in  which  water  is  made  to  act  as  a 
loosener  and  conveyer — viz.,  for  working  clay  and  gold. 

A  stream  of  water  is  turned  on  to  the  deposits  of  china  clay, 
and,  aided  by  work  with  a  pick,  it  carries  everything  to  settling 
pits.  The  most  important  application  of  water  is  the  process  of 
washing  away  thick  beds  of  auriferous  gravel,  known  as  hydraulic 
mining.  A  huge  jet  of  water  under  pressure  is  made  to  play 
against  the  bazik  of  gravel,  undermine  it,  cause  it  to  fall,  and 
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so  thorcraghlj  disintegrate  it  that  e^erjrthiiig  save  the  largest 
boulders  is  carried  away  in  the  stream.  Full  details  of  these 
processes  will  be  given  in  Chapter  YI.  (Exploitation). 
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CHAPTER  V. 


SUPPORTING  EXCAVATIONS. 


Methods  of  Seouring  Mining  Excavations. —Excavations  made 
in  hard  ground  will  frequently  stand  without  any  props  whatever 
for  an  unlimited  time,  but  the  miner  has  generally  to  deal  with 
rocks  which  sooner  or  later  give  way  unless  supported.  Con- 
sequently it  becomes  necessary  to  adopt  means  of  securing  the 
underground  passages  and  working  places,  either  during  the 
process  of  excavation,  or  at  all  events,  very  soon  afterwards. 

The  methods  of  securing  mining  excavations  may  be  classified 
according  to  the  materials  used  for  ^e  protective  lining,  viz., 
timber,  masonry,  iron,  or  steel. 

Statistics  of  the  amount  and  cost  of  timber  used  in  the 
Comstock  mines  of  Nevada  afford  striking  evidence  of  the  enor- 
mous consumption  of  timber  for  mining  purposes.  From  1870 
to  1891  there  were  used  for  the  mines  and  dressing  floors, 
674,765,000  feet  of  timber  and  391,070,500  cubic  feet  of  wood, 
representing  a  total  cost  of  ;^9»2 14,509.  About  200,000  acres 
of  forest  were  destroyed  to  work  the  mines. 


TIMBEB.— Some  of  the  principal  kinds  of.  timber  used  in  the 
five  continents  will  be  enumerated  r — 


Europe. — ^Varieties  of  the  following  kinds  of  trees  are  those  most  fre- 
quently employed  underground:  Broad-Uaved  trea: — Oak,  beech,  and 
acacia.     Conifert : — Larch,  pine,  and  fir. 

The  oak  is  especially  adapted  for  mining  purposes  on  account  of  its 
strength  and  its  durability.  It  will  resist  alternate  exposure  to  wet  and 
dryness,  and  under  water  it  is  almost  imperishable.  In  England  there 
are  two  principal  varieties,  Querctu  robur  pedunculaia  and  QuerctM  robur 
seisilijlora. 

The  acacia  {Rahinia  pseudo-acacia)  has  the  property  of  resisting  the 
effects  of  bad  air  and  high  temperatures  very  much  better  than  oak.  It 
can  be  grown  upon  very  poor  soil,  and  will  yield  useful  props  after  the 
lapse  of  twenty-five  years. 

The  conifers,  larch,  pine,  and  fir,  have  the  advantage  of  furnishing 
straight  timber,  of  even  grain,  comparatively  light,  easily  worked,  having 
few  branches,  and  less  expensive  than  oak. 

The  larch  {Abies  larix  or  Larix  Europcea^  D.  G.)  is  an  excellent  mining 
timber.    The  large  amount  of  resin  it  contains  seems  to  act  as  a  pr^. 
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7entive  against  decay.  It  is  toogh  and  strong,  and  lasts  a  long  time,  even 
when  alternately  wet  and  dry. 

The  American  pitch  pine  {Pinui  rtgida)  is  a  timber  largely  imported 
into  Great  Britain  for  mining  purposes,  and  it  is  used  not  only  for  secnring 
shafts  and  levels,  but  also  for  pump-rods,  bridges,  sides  of  ladders,  &c. 
It  is  remarkable  for  its  perfectly  straight  growth ;  it  is  hard,  highly 
resinous,  and  very  durable. 

The  Scotch  fir  {Pintu  iylvestris)  is  a  tree  that  furnishes  a  great  deal  of 
mining  timber.  The  British-grown  timber  is  largely  used  for  props,  whilst 
balks  imported  from  Norway  and  Sweden  serve  for  heavy  work  in  many 
mining  mstricts. 

The  maritime  pine  of  the  South  of  France  is  used  in  that  country,  and 
some  is  even  sent  to  South  Wales. 

The  spruce  fir  {Abie$  exedsa)  is  not  a  timber  to  be  recommended  for  mine 
supports  where  durability  is  required. 

Beech  {Fagua  $ylvcUica),  though  not  equal  to  oak  or  larch,  has  been  too 
much  neglected  by  the  miner.  In  mines  in  the  North  of  France,  alder 
{Alntu  gl%Uino8a)t  aspen  (Popuiut  tremula)^  birch  (Betula  alba)^  cherry 
{Cerasua  communtt)  and  hornbeam  {Carpinut  betvlus)  are  used  in  addition 
to  pine  and  oak. 

Afirica. — Imported  timber  is  largely  used  in  the  Witwatersrand  gold- 
mines. American  pitch-pine,  Oregon  pine,  and  Karri  are  the  most  im- 
portant of  this  class.  The  two  latter  are  especially  used  for  heavy 
timbering  in  the  deeper  mines.  For  lighter  work,  e.^.  for  underground 
props,  &o.,  plantations  of  species  of  EuceUyptua  of  recent  growth,  and  the 
native  forests  are  drawn  upon.  Some  species  of  Eucalyptua  grow  up  40 
feet  high  in  five  or  ten  years. 

Among  the  native  timbers  which  have  been  used  in  the  mines  of 
Rhodesia  and  the  Transvaal  may  be  mentioned  the  wild  loquot  or  redwood, 
acacia,  teak,  mopani,  and  mahobohobo.  The  redwood,  acacia,  and  teak 
are  proof  against  the  attacks  of  *' borers"  and  white  ants.  The  mopani 
grows  very  straight  and  attains  a  considerable  hieght ;  it  has  been  used 
for  shaft  timbering,  and  other  important  work,  as  it  offers  considerable 
resistance  to  the  local  insect  pests.  In  the  Kimberley  mines  native  timbers 
(yellow  wood,  pear  tree,  and  iron  wood)  are  used  to  some  extent. 

In  some  of  the  fields  the  native  timber  is  either  scanty  or  subject  to  the 
ravages  of  the  "  borer  "  ;  consequently  imported  pitch-pine  is  used  for  any 
important  work. 

Asia. — In  the  Mysore  goldfield  in  India,  teak  {Tectona  grandU)  is 
largely  employed.  The  Urupn  and  Irul  may  also  be  mentioned  as  an 
Indian  mining  timber.  In  the  eastern  countries,  Burmah,  Siam,  Japan, 
&c.,  bamboo  is  sometimes  used  for  levels  and  small  shafts. 

America. — Mr.  Femow  gives  the  following  list  of  various  kinds  of 
mining  timber  which  are  available  in  the  United  States,  each  series  being 
arranged  in  order  of  durability,  beginning  with  the  trees  most  adapted  to 
resist  decay. 

Eastern  Range. 

Coniferi, — Red  cedar  {Juniperua  Virginicmaf  L.) ;  White  cedar  {Chanuncy- 
paria  aphwroidea,  Spacb.) ;  Arbor  vitie  {Thuya  occidentalia^  L.) ;  Bald 
cypress  {Taxadiwn  diatichunij  Rich) ;  Long-leaved  pine  [Pinua  paluatria^ 
Miller) ;  Red  pine  (Pinua  reainoaa^  Ait.) ;  Cuban  pine  {Pinua  Cubinaia, 
Oriseb.) ;  Short-leaved  pine  {Pinua  mitia,  Michx.). 

Broad-Uaved  treea, — White  oak  {Quercua  alba^  L) ;  Post  oak  {Quercua 
obtuailoba,  Michx.) ;  Chestnut  oak  {Quercua  prinu8f  L.) ;  Live  oak  {Quereua 
virena^  Ait.) ;  Basket  oak  (Querent  Miehauxii^  Nutt.) ;  Burr  oak  {Qutrcua 
nuMcroearpa,  Michz.) ;  Osage  orange  {Mttdura  auratiiiaea^  Nutt.) ;  Hardy 
catalpa  {Ciualpa  apecioaa.  Warder);  Black  locust  {Robinia  paewlaecuna, 
X#.  )  ;  Honey  locust  {OUdiUehia  triaeanihoa^  L.) ;  Red  mulberry (i^oriM  rubra^ 
Xj.  ) ;  Chestnut  (Clutonea  vulgarian  var.  Americwnaf  A.D.C.). 
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RoGKT  Mountain  Rboion. 

Red  cedar  Juniper ui  Virginiana,  L.) ;  Pinyon  pine  (PinuM  edvlU, 
Engelm.) ;  Foxtail  pine  {Pinui  Balfoui-iana^  Murray) ;  Douglas  spruce 
{PieudoUuga  DougUuii^  Carr.) ;  Western  larch  {Larix  oeeidentaliit  Nott.) ; 
Burr  oak  (Quereui  fiuicrocaTpa^  Michx.). 

Pacific  Slope. 

Yew  {TaauM  brevifolia,  Natt.) ;  Red  wood  {Sequoia  eempervirens,  End- 
licber) ;  Lawson's  cypress  {ChtuncBcyparit  Lawtontana,  Pari.) ;  Canoe 
cedar  {Thuya  giganUa^  Natt.) ;  Douglas  spruce  {PseudoUuga  Douglam^ 
Carr.);  Western  larch  {Larix  occiderUalit,  Nutt.) ;  Live  oak  {Quereus 
chryiolepis,  Liebm.) ;  Post  oak  {Quercu»  Oarryana^  Dougl.). 

The  Douglas  spruce,  or  Oregon  fir  or  pine,  is  not  only  used  in  America, 
bat  also  exported  to  Africa  and  Australia.  It  is  a  very  straight  wood,  of 
even  grain  ;  it  has  the  disadvantage  of  easily  taking  fire,  and  has  been  the 
cause  of  serious  conflagrations,  notably  in  the  Broken  Hill  mines,  New 
South  Wales. 

In  California,  according  to  Storms,  oak,  sugar-pine,  and  spruce  are  pre- 
ferred when  obtainable,  but  the  more  abundant  yellow  pine  is  most 
commonly  used.  Cotton-wood  and  red  wood  are  only  used  where  no  other 
timber  is  available.  In  the  deserts  of  California,  Arizona,  and  Nevada 
even  yucca  is  used. 

Australasia. — In  Australia  the  native  woods  are  commonly  used  for 
mining  purposes,  and  among  them  different  species  of  Eacalyptus  are 
specially  prominent. 

The  Jarrah  {Euealyptua  marginata)  is  a  native  of  Western  Australia. 
It  gives  a  red,  heavy,  intensely  hard  wood,  which  is  difficult  to  work  with 
ordinary  tools.  It  resists  decay  in  a  remarkable  manner,  in  fact,  it  is 
practically  indestructible  ;  the  white  ant  and  the  **  teredo  navalis  "  will 
not  attack  it.  It  is  locally  employed  in  the  gold-mines  of  the  colony  of 
which  it  is  a  native  ;  and  it  is  exported  to  South  Australia  and  New  South 
Wales.    It  is  mainly  used  for  shaft-frames  and  other  special  purposes. 

Karri  {Kucalyptut  diverticolor)  is  a  gigantic  tree,  forming  great  forests  in 
Western  Australia.  Some  specimens  reach  a  height  of  400  feet,  and 
widths  of  as  much  as  12  feet  are  obtainable.  The  wood  is  elastic  and 
durable  ;  like  jarrah,  it  is  fire* resisting. 

The  g^y  or  white  iron-bark  {Euealyptut  erebra^  F.  v.  M.),  and  the  red  or 
black  iron-bark  {Eucalyptus  leueoxylonf  F.  v.  M.),  both  give  hard,  heavy, 
strong,  and  durable  timber,  and  are  among  the  most  useful  of  the  forest 
trees  in  Australia. 

Grey  box  {Eucalyptus  largiftorem)  is  a  hard,  tough,  durable  wood  which 
lasts  well  underground.  The  young  trees  supply  much  prop  timber  in 
certain  localities. 

Stringy  bark  {Euealyptut  obliqua)^  possesses  similar  good  qualities  ;  and 
it  is  imported  into  Australia  from  Tasmania  if  the  supply  of  the  native- 
grown  timber  is  insufficient  or  less  easily  obtainable.  It  is  employed  as 
sawn  timber,  or  split,  and  the  small  trees  make  excellent  props. 

Among  other  species  of  Eucalyptus  may  be  mentioned  the  slaty  gum 
{E,  bicolor^  A.  Cunn.),  and  bloodwood  {E,  eorymbotay  Sm.),  both  strong  and 
durable  and  used  for  railway  sleepers. 

The  prickly  leaved  tea- tree  {MeLaleuea  armillaris)  gives  a  hard,  strong, 
heavy  timber,  lasting  well  underground. 

Tasmania  has  very  similar  timber  to  that  of  the  neighbouring  continent, 
but  owing  to  the  climate  there  is  in  general  a  more  luxuriant  development, 
various  species  of  Eucalyptus  growing  to  a  gigantic  size,  and  forming  dense 
forests. 

New  Zealand  can  boast  of  the  magnificent  Kauri  pine  {Dammara 
Australis),  a  slow-growing  tree,  some  living  examples  being  estimated  to 
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be  2000  years  old.  It  contains  a  fluid  resin  which  ooses  out  from  every 
part,  and  hardens  into  large  masses  of  opaqae  gam.  It  is  light,  elastic, 
even-grained  and  strong.  Besides  being  osed  for  timbering  mines  in  New 
Zealand,  it  is  exported  to  Australia  for  the  same  purpose. 

Matai  {Podoearpus  fsrruginea)^  a  reddish-brown,  moderately  hard  wood, 
Hiro  {Podocarptu  tpiccUa)^  and  Bewarewa  {Knightia  exeelta)  may  also  be 
mentioned  among  the  New  Zealand  mining  timbers. 

FreBervation  of  Timber.— Most  authorities  consider  that  the 
best  time  for  felling  timber  is  winter,  when  the  wood  has  the 
least  amount  of  sap  in  it,  because  fermentation  of  the  sap  is  one 
great  cause  of  decay.  For  this  reason  also,  timber  should  be 
seasoned  before  it  is  used ;  that  is  to  say,  it  should  be  allowed  to 
dry  gradually  and  so  lose  the  sap  by  evaporation.  Femow  says 
that  proper  seasoning  is  more  important  than  the  time  of  felling. 
As  regards  the  removal  of  the  bark  or  not,  there  is  a  difEerence 
of  opinion,  but  it  certainly  facilitates  the  seasoning ;  and  in  the 
case  of  oak  the  bark  may  be  taken  off  for  sale  by  the  owner  of 
the  plantations  before  he  disposes  of  the  timber  to  the  miner. 
On  the  whole  it  seems  advisable  to  remove  the  bark,  and  for  two 
reasons — (i)  less  liability  to  rot,  and  (2)  earlier  indications  of 
incipient  crushing. 

When  stored  at  the  mine,  timber  is  best  preserved  under 
cover,  protected  from  wind  and  weather,  but  with  ample  access 
of  air ;  and  it  is  important  to  remove  all  decaying  wood,  whether 
logs,  chips,  or  sawdust^  and  destroy  it  by  fire,  so  as  to  prevent 
the  spread  of  the  contagion.  The  timber  should  lie  upon 
supports  and  not  directly  on  the  ground,  and  the  pieces  should 
not  be  placed  too  close  together. 

The  approximate  time  required  for  seasoning  timber  under 
cover,  and  protected  from  wind  and  weather,  is  as  follows : — 

Oftk.  Fir. 

Pieces  16  to  12  inches  square  14  months.  7  months. 

„      12  to   8      „         „  10       „  5       „ 

„        8to  4      „  „  6       „  3       n 

Planks,  from  one-half  to  two-thirds  the  above  time  according 

to  thickness. 

Timber  may  be  affected  both  by  animal  and  vegetable  pests. 
In  Great  Britain,  much  damage  has  been  done  to  mine  timber 
by  two  boring  insects,  the  wood  wasp  {Sirex  gtgas)  and  the  steel 
blue  (Sirex  juvencus).  In  German  mines,  trouble  has  been  caused 
by  a  small  weevil  that  weakens  the  props,  and  in  the  tropics 
the  white  ant  will  attack  many  kinds  of  timber  in  dry  parts  of 
mines. 

Timber  is  often  found  to  decay  very  rapidly  in  some  mines,  or 
in  certain  parts  of  a  mine,  owing  to  the  spread  of  what  is 
called  dry  rot.  This  is  a  white  fungus  which  grows  over  the 
timber,  and  causes  the  woody  fibre  to  decompose  and  become  so 
soft  and  rotten  that  a  knife  or  pick  can  be  run  in  with  the 
greatest  ease. 
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Various  methods  of  preventing  dry  rot  have  been  tried  with 
more  or  less  success.  Good  ventilation  is  all-important,  for 
timber  is  found  to  become  affected  most  rapidly  in  places  where 
the  air  is  foul  or  stagnant.  Water  has  a  decided  preservative 
effect,  so  much  so  that  arrangements  are  sometimes  made  for 
causing  it  to  trickle  down  continuously  over  the  timber  in  a 
shaft,  or  to  form  a  spray  in  timbered  levels.  Probably  the 
water  acts  by  washing  off  the  spores  of  the  fungus  as  fast  as 
they  are  deposited  upon  the  timber,  and  also  by  cleansing  the 
atmosphere  and  keeping  ib  cool. 

Mine  timber  is  also  occasionally  treated  with  antiseptics,  such 
as  brine  (with  or  without  chloride  of  magnesium),  borax,  creosote, 
carbolineum  Avenarius,  coal-tar,  corrosive  sublimate,  chloride 
of  zinc,  jodelite,  solignum,  sulphate  of  zinc,  sulphate  of  copper, 
and  sulphate  of  iron ;  but  far  less  attention  has  been  given  to  this 
subject  by  mining  than  by  civil  engineers,  to  whom  the  duration 
of  railway  sleepers  {Hesy  U.S.A.)  is  a  matter  of  much  importance. 
Treatment  with  a  metallic  salt  is  preferred  to  creosoting,  if  the 
timber  is  at  all  exposed  to  the  risk  of  catching  fire. 

The  timber  is  treated  in  one  of  the  following  ways : — 

(i)  Steeping, — The  timber  is  simply  placed  in  the  preservative  solution, 
and  allowed  to  absorb  what  it  can. 

(2)  Hydrostatic  Procesi. — The  preservative  solution  is  forced  in  by  hydro- 
static  pressure. 

(3)  Vacuum  Process, — The  timber  is  placed  in  boilers,  and  steam  is 
admitted;  the  air  and  vapours  are  then  exhausted,  and  a  preservative 
turned  in  under  pressure. 

(4)  Painting. — The  preservative  solution  is  applied  with  a  brush. 

The  first  method  is  used  at  most  of  the  mines  in  the  Dortmund 
district.  Sheet  iron  or  masonry  tanks  are  employed,  and  the 
impregnating  liquid,  tar  oil,  is  heated  by  steam  pipes  to  a 
temperature  of  70°  C.  The  duration  of  the  immersion  varies 
at  different  mines  from  twenty  minutes  to  twelve  hours.  The 
second  method  of  saturating  under  pressure  is  employed  at  only 
one  mine  in  the  district.  The  timber  is  brought  on  specially 
designed  trucks  into  a  cylindrical  iron  vessel,  33  feet  long, 
holding  four  or  five  trucks.  The  end  of  the  vessel  is  screwed 
on,  and  the  timber  is  steamed  for  three-quarters  of  an  hour, 
and  then  subjected  to  a  vacuum  for  an  hour.  Hot  anthracene 
oil  is  then  admitted,  and  pressure  applied  for  forty  minutes. 
The  normal  pressure  is  then  restored,  the  excess  oil  run  off,  and 
the  cover  unscrewed.  The  process  occupies  four  and  a  half  hours. 
The  whole  plant  costs  ^350,  and  is  served  by  one  man. 

It  was  found  by  experiments  carried  on  at  Commentry,  during 
a  long  series  of  years,  that  one  of  the  best  methods  was  soaking 
the  timber  for  twenty-four  hours  in  a  strong  solution  of  sulphate 
of  iron.     The  total  cost  was  only  ^d.  per  yard  of  prop,  whilst 
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the  timber  lasted  eleven  times  as  long  as  when  this  simple 
treatment  was  omitted. 

The  duration  of  a  prop,  or  other  piece  of  timber,  is  not  the 
only  point  to  be  considered  in  deciding  whether  it  is  worth  while 
pa3dng  the  cost  of  some  preservative  treatment.  The  expense  of 
the  labour  in  the  renewal  of  unsound  timber,  such  as  the  cutting 
of  fresh  Miches^  must  not  be  overlooked. 

Tools. — ^Timber  is  used  in  various  forms — either  whole  and 
merely  sawn  into  lengths,  or  hewn  or  sawn  into  square  balks,  or 
sawn  in  half,  or  sawn  or  split  into  planks  of  different  thick- 
nesses. 

The  tools  used  by  the  miner  for  shaping  the  timber  are  the 
saw  and  axe  ;  in  addition  he  requires  a  measuring  staff,  a 
sledge  or  a  wooden  mallet  for  driving  the  timber  into  its  place, 
a  hammer  and  ''  moil "  for  chipping  out  recesses  or  niches 
{hitches),  occasionally  a  pulley-block  for  lifting  heavy  timbers, 
plumb-line  and  level. 

The  saws  vary  in  different  countries.  In  Great  Britain  the 
timberman's  saw  is  the  ordinary  hand-saw  of  the  carpenter, 
though  a  cross-cut  saw  worked  by  two  men  is  used  for  cutting 
large  props  or  balks.  In  the  Hartz  the  timberman  uses  a  saw 
somewhat  resembling  the  British  cross-cut  saw  in  shape,  but 
smaUer  in  size,  and  having  the  tooth  edge  curved,  whilst  in 
Saxony  a  frame-saw  is  preferred.  All  large  mines  have  a  cir- 
cidar  saw,  and  some  have  machines  for  cutting  the  joints  of 
supporting  frames. 

ThQ  axe  varies  in  shape  more  according  to  the  fancy  of  the 
user  than  any  special  difference  in  the  purpose  for  which  it  is 
used. 

The  moil  is  merely  a  pointed  steel  bar.  In  order  to  ascertain 
the  length  required  for  a  piece  of  timber  to  fit  a  given  place,  the 
timberman  uses  a  measuring  staff,  consisting  of  two  bars  of  wood 
which  are  made  to  slide  upon  each  other,  and  then  fixed  in  any 
position  by  a  thumb-screw.  One  end  is  often  rounded  so  that  it 
may  reach  to  the  bottom  of  the  niche  {hitch)  which  has  been  cut 
in  the  rock.     The  plumb-line  and  level  need  no  description. 

The  principal  kinds  of  excavations  in  mines  are  levels,  shafts, 
and  ordinary  working  places.  These  will  be  taken  in  order,  and 
the  methods  of  securing  them  dealt  with  briefly. 

Levels. — Though  a  level  is  an  excavation  of  a  very  simple 
nature,  the  methods  of  timbering  it  vary  considerably,  because 
the  parts  requiring  support  may  either  be  the  roof  alone,  or  the 
roof  and  one  or  two  sides,  or  the  roof,  sides,  and  bottom. 

If  the  roof  only  is  weak,  as  is  the  case  with  a  soft  lode  between 
two  hard  walls,  a  cap  with  a  few  boainls  resting  on  it  (Fig.  241) 
is  sufficient  to  prevent  falls.  If  one  side  is  weak  the  cap  must 
be  supported  by  a  side  prop  or  leg  (Fig.  242),  and  very  often  by 
two  legs.     The  forms  of  joint  between  cap  and  leg  are  numerous 
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(Fig.  243),  depending  to  a  great  extent  on  the  nature  of  the 
pressure,  whether  coming  from  the  top  or  sides,  and  also  on  the 
shape  of  the  timber,  whether  round  or  square.  With  round 
timber  the  top  of  the  leg  may  be  hollowed   out  as  shown  in 


Fio.  241. 


Fig.  242. 


Fig.  244,  A  ;  but  occasionally  the  joint  is  flat,  and  a  thick  nail  or 
7W(j  is  put  (Fig.  244,  B)  to  prevent  the  effects  of  side  pressure, 
or,  better,  a   piece   of  thick  plank  is  nailed   under  the   cap 

(Fig.  245). 

Where  the  floor  of  a  level  is  soft  and  weak,  a  sole  piece  or  sill 


Fio.  245. 


becomes  necessary,  and  if  the  sides  or  roof  are  likely  to  fall  in, 
a  lining  of  planks  or  poles  is  used  (Fig.  245).  "  Homed  sets  " 
(Fig.  246)  are  useful  in  loose  ground. 

Fig.  247  shows  the  special  system  adopted  on  the  Comstock 
lode  for  some  very  heavy  ground.  The  outer  planks  {lagging) 
are  put  close  together,  and  the  method  of  jointing  has  been 
carefully  designed  so  as  to  prevent  any  yielding  under  the 
enormous  pressure  to  which  it  is  subjected.  These  levels  are  6 
feet  high  inside  the  timber. 

As  an  instance  of  timbering  on  a  much  larger  scale,  a  repre- 
sentation is  given  of  the  supports  at  Rio  Tin  to,  Spain  (Fig.  248) ; 
the  height  of  the  level  from  the  groundsill  (a)  to  the  cap  (c)  is 
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12  feet  7  inches  (3*85  m.),  so  as  to  allow  the  passage  of  loco- 
motives. 

In  driving  levels  for  the  deep  gold-bearing  gravels  in  the 
Cariboo  district,  B.C.,  spruce  fir  i  to  2  feet  in  diameter,  simply 


Fig.  246. 


Fig.  247. 


Fig.  248. 


barked,  is  used  for  making  the  sets.  The  lagging  is  in  pieces 
4  feet  long,  5  inches  wide,  and  2  inches  thick,  and  is  split  out  of 
logs.  The  ground  is  so  heavy  that  the  frames  {sets)  are  only  a 
few  inches  apart  in  some  places.  Where  the  ground  is  very 
wet,  spruce  brushwood  is  placed 
behind  the  lagging. 

In  some  of  the  mines  in 
Queensland,^  the  gold  vein  some- 
times attains  a  width  of  60  feet ; 
the  hanging  wall  is  not  strong, 
and  large  portions  of  the  lode 
itself  are  apt  to  slip  away. 

Though  the  levels  could  be 
driven  without  difficulty,  it  was 
found  impossible,  with  the  ordi- 
nary methods  of  timbering,  to 
keep  them  open  permanently 
after  the  vein  had  been  worked 
away,  and  the  whole  pressure  of 
the  heavy  ground  on  the  hang- 
ing wall  had  to  be  supported. 
At  last  the  so-called  "  pigsty "  method  was  tried,  and  it  has 
been  found  very  successful.  It  consists  in  piling  up  logs  4  to 
8  feet  long,  two  by  two,  crosswise,  and  so  building  a  support 

*  This  description  and  the  figures  have  been  kindly  supplied  by  Mr. 
Joseph  Shakespear,  one  of  the  Oovemment  Inspectors  of  Mines  in  Queens- 
land. 
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which  covers  a  comparatively  large  area.  These  columns,  either 
left  hollow  or  filled  with  rubbish,  are  known  as  chocks  and  cogs 
in  Great  Britain. 

Figs.  249  and  250  represent  the  pigsty  timbering ;  the  former 
is  a  section  along  the  line  of  dip,  the  latter  along  the  line  of 
strike,  ks  the  drivage  progresses,  strong  sills,  10  to  12  inches 
in  diameter,  are  laid  along  the  floor  of  the  level.  These  sills 
may  be  as  much  as  25  feet  in  length,  and  two  of  them  are  laid 
under  each  row  of  sties,  which  are  placed  about  6  or  8  feet 
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apart  in  the  direction  of  the  level.  The  number  across  the 
level  depends  upon  the  width  of  the  lode,  and  the  spaces 
between  the  rows  of  pigsties  form  the  roads  for  the  waggons. 
The  cap-pieces  are  made  of  timber  1 5  inches  in  diameter,  and 
they  rest  upon  the  pigsties.  Upon  the  cap-pieces  comes  a  row  of 
poles,  which  support  the  deads  when  the  lode  is  worked  away 
above. 

Where  the  width  of  the  lode  is  not  too  great,  the  sills  are  dis- 
pensed with ;  the  ground  at  the  bottom  of  the  level  behind  the 
end  is  excavated,  and  the  pigsties  are  built  up  from  the  foot- 
wall.     Consequently,  when  the  lode  is  removed  by  the  workings 
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below,  the  level  is  not  affected  because  the  timbering  is  sup- 
ported from  the  undisturbed  footwall. 

When  sills  are  used  in  a  very  wide  lode,  pigsties  resting  upon 
the  footwall  are  built  up  whilst  the  ore  is  being  excavated,  and 
they  are  arranged  so  as  to  come  exactly  under  the  sills  and  carry 
their  weight. 

This  method  of  support  requires  a  great  deal  of  timber,  but 
it  has  the  advantage  that  the  small  logs  used  for  the  pigsties  are 
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inexpensive  and  easily  handled,  compared  with  huge  balks 
required  with  the  other  systems. 

If  the  ground  is  loose  so  that  the  roof  or  sides,  or  both,  will 
run  in  unless  supported,  the  method  of  working  called  spilling^ 
gpUing,  or  polirig  is  pursued.  It  consists  in  supporting  the  weak 
parts  by  boards  or  poles  in  advance  of  the  last  frame  set  up. 
The  process  may  be  described  as  pushing  out  a  protecting  shield 
in  very  narrow  sections,  one  at  a  time.  The  poles  or  boards 
(kUhs)  are  driven  forward  by  blows  from  a  sledge,  and  the 
ground  is  then  worked  away  with  the  pick;  this  removal  of 
ground  enables  the  laths  to  be  driven  in  further;  the  pick  is 
now  once  more  called  into  requisition,  and  by  successive  small 
advances  the  shield  of  poles  or  boards  is  extended  to  a  distance 
of  3  or  4  feet.  Fig.  251  shows  one  of  the  advance  poles  partly 
driven,  with  the  front  end  resting  upon  a  set  of  timber;  the 
pole  behind  it  is  in  its  final  position.  The  section  (Fig.  252) 
explains  that  the  lower  set  of  poles,  those  which  are  in  the 
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course  of  being  driven,  have  room  enough  to  slide  on  top  of  the 
cap,  owing  to  the  blocks  placed  upon  it  being  slightly  thicker 
than  their  diameter. 

In  running  ground  it  is  necessary  to  have  the  laths  fitting 
closely  together,  and  the  working  face  must  also  be  supported  by 


Fig.  251. 


Fig.  252. 


breast-boards,  kept  in  place  by  little  struts  resting  against  the 
nearest  frame.  These  are  removed  and  advanced  one  by  one, 
after  the  laths  in  the  roof,  sides,  and  bottom  have  been  driven 
beyond  them. 

In  a  few  instances  the  end  of  a  level  in  running  ground  has 
been  kept  up  by  covering  the  entire  working  face  with  wooden 
wedges  ;  an  advance  was  gradually  effected  by  driving  them  in 
with  a  heavy  sledge.  The  sides  and  top  of  the  level  were  pro- 
tected by  laths  in  the  ordinary  way. 

Shafts. — ^The  timbering  required  for  shafts  varies  according 
to  the  nature  of  the  ground  and  the  size  of  the  excavation.  A 
mere  lining  of  planks  set  on  their  edges  (Fig.  253)  suffices  for 
small  shafts,  corner-pieces  being  nailed  on  so  as  to  keep  the 
successive  frames  together. 

The  usual  method  of  securing  shafts  is  by  sets  or  frames.  Each 
set  consists  of  four  pieces — two  longer  ones  called  wall-plaies,  and 
two  shorter  ones  called  end-pieces.  They  are  joined  by  simply 
halving  the  timber  at  each  end,  as  shown  in  Fig.  254,  the  wall- 
plate  being  made  to  rest  upon  the  end-piece,  though  this  arrange- 
ment is  sometimes  reversed.  A  more  complicated  joint  (Fig. 
255)  is  often  preferred.  The  separate  frames  are  kept  apart 
by  distance-pieces  (studdles,  Cornwall ;  jogs,  Flintshire ;  posts, 
U.S.),  and  loose  ground  is  prevented  from  falling  in  by  boards 
or  poles  outside.  The  length  of  the  distance-pieces  must  depend 
upon  the  solidity  of  the  ground.  If  the  ground  is  very  weak 
they  are  not  used  at  all,  and  the  successive  frames  are  put  in 
touching  each  other;  in  loose  ground  near  the  surface  the 
distance  between  the  frames  may  be  18  inches,  for  instance,  and 
then  increased  gradually  to  4  or  5  feet  when  the  shaft  has 
penetrated  into  harder  strata. 
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The  end-pieces  are  sometimes  made  long  enough  to  project  a 
foot  or  eighteen  inches  beyond  the  wall-plates,  and  rest  in  niches 
in  the  rock.  Another  plan  is  to  insert  hearers  at  regular  in- 
tervals— say  every  30  feet — under  the  end-pieces.  The  bearers 
are  generally  of  oak,  and  in  a  shaft  of  medium  size  pieces  1 2 


Fig.  253. 


Fig.  254. 


Fig.  255. 


inches  by  1 2  inches  are  taken,  and  cut  4  or  5  feet  longer  than 
the  end-pieces.  They  therefore  project  2  to  2  feet  6  inches  at 
each  end  into  solid  ground,  and  decidedly  add  to  the  security  of 
the  timber  lining. 

The  sides  of  the  shaft  are  further  prevented  from  falling  in  by 
planks  which  rest  against  the  wall-plates  and  the  end-pieces. 
During  the  process  of  sinking,  the  last  frames  are  kept  in 
position  by  strong  iron  clamps,  and  when  a  length  of  10  or  12 
feet  has  been  completed,  planks  {lashings  or  listings)  are  nailed 
on  inside,  stretching  over  several  frames  and  so  binding  them 
all  together. 

This  lining  of  a  shaft  may  be  regarded  as  a  very  long  box, 
with  strengUiening  ribs  at  short  intervals.  As  shafts  are 
frequently  used  for  the  several  purposes  of  pumping,  hoisting, 
and  affording  means  of  ingress  and  egress  by  ladders,  it  becomes 
necessary  to  divide  them  into  compartments.  Pieces  of  timber 
parallel  to  tho  end-pieces  {bunions  or  dividings)  are  fixed  across 
the  shaft,  and  serve  to  stay  the  wall-plates,  to  hold  the  guides  or 
conductors,  to  support  planks  {casing  boards),  which  are  nailed 
to  them  so  as  to  form  a  continuous  partition  or  brattice,  and  to 
assist  in  carrying  the  ladder  platforms. 

The  magnificent  timbering  of  some  of  the  shafts  on  the 
Comstock  lode  is  described  by  Mr.  James  D.  Hague  as 
follows:— 

''The  timbering  consists  of  framed  sets  or  cribs  of  square 
timber,  placed  horizontally  4  feet  apart,  and  separated  by  up- 
rights or  posts  introduced  between  them.  Cross-timbers  for  the 
partitions  between  the  compartments  form  a  part  of  every  set. 
The  whole  is  covered  on  the  outside  by  a  lagging  of  3-inch  plank 
placed  verticaUy." 
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Figs.  256,  257,  and  258,  copied  from  Mr.  Hague's  plates, 
illustrate  this  method  of  timbering.  Fig.  256  is  a  plan  of  the 
shaft.  "  iS  5  are  the  longitudinal  or  sill-timbers ;  T  T,  the  trans- 
verse end  timbers ;  r,  guide-rods  between  which  the  cage 
moves;  g,  gains  cut  in  the  sill-timbers  to  receive  the  ends  of 
posts.  The  sheathing  or  lagging  is  seen  enclosing  the  whole 
frame." 

Fig.  257  is  a  transverse  section  through  the  partition- timber 
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(dividing)  P,  of  Fig.  256,  "between  the  pumping  compartment 
and  the  adjoining  hoisting  compartment^  looking  towards  the 
latter.  In  this  figure,  G  G  are  the  posts ;  S,  the  sill-timbers ; 
P,  the  partition-timbers,  the  ends  of  which  are  framed  with 
short  tenons  that  are  received  in  gains  cut  in  the  sill-timbers 
and  the  ends  of  the  posts ;  7*,  guide  rod ;  Z,  lagging  or  sheathing." 
Fig.  258  is  an  end  view  of  the  frame  shown  in  Fig.  256. 
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"  The  single-piece  T  forms  the  end,  while  the  double  pieces  P, 
forming  the  partitions,  are  seen  beyond.  The  outer  timbers  of 
each  set — that  is,  the  two  sides  and  ends  of  the  main  frame — are 
14  inches  square ;  the  posts,  ten  in  number,  four  at  the  corners 
and  two  at  each  end  of  the  partitions,  are  of  the  same  size. 
The  dividing -timbers  forming  the  partitions  are  12  inches 
square." 

The  pigsty  system  of  supporting  ground  has  been  applied  to 
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an  iaclioed  shaft  at  Day  Dawn  Mine  in  Queenslsncl,  in  which 
the  ordinary  system  of  frames  was  proving  inadequate.  In  this 
case  the  abaft  had  been  sunk  on  the  inclined  lode ;  the  ore  had 
been  removed  on  each  side  and  replaced  by  "  deads,"  and  the 
sides  and  roof  were  supported  by  ordinary  frames  and  laths. 
The  manager  took  out  a  strip  of  deads  on  each  side  of  the  shaft, 
and  as  soon  as  su£Scient  room  had  been  made,  he  built  up  a 
couple  of  pigsties,  and  then  another  two,  and  so  on.  The  space 
between  them  served  as  a  passage  (mnxe)  for  winding  up  the 
deads  as  the  work  progressed  downwards.  The  ends  of  the  long 
horizontal  balks  of  iron-bark  timber  (eapt)  stretching  across 
the  shaft  were  made  to  rest  upon  the  pigsties,  and  upon  them 
were  placed  poles  which  supported  the  roof  (hanging  wall). 
Since  this  method  has  been  adopted  there  has  been  no  trouble 
with  the  shaft.  The  subsidence  of  the  hanging  wall  has  been 
going  on,  but  the  pigsties  yield  to  the  movement  without 
becoming  crippled  or  useless.  Occasionally  a  cap  piece  breaks 
in  the  middle,  in  spite  of  its  great  size,  but  it  can  easily  be 
renewed. 

As  an  example,  of  another  large  sinking  may  be  mentioned 
the  Red  Jacket  shaft  at  the  Calumet  and  Hecla  mines  (Fig. 
359),  which  is  4920  feet  deep,  intersecting  the  copper  bed  at  a 

TiQ.  359. 


depth  of  5387  feet.  The  shaft  is  rectangular,  33  feet  by  13 
feet  6  inches  within  the  timber,  and  divided  into  six  equal  com- 
partments, 7  feet  by  6  feet  3  inches  within  the  timber.  A  and 
B  (Fig.  159)  ore  for  receptacles  for  winding  rock,  C  and  D  for 
cages  for  raising  and  lowering  men,  timber,  &c. ;  K  forms  the 
upcast  airway,  and  F  is  for  air-pipes,  &c.  The  frames  and  the 
dividing- pieces  are  made  of  Southern  pine,  13  inches  by  is 
inches,  and  the  whole  is  surrounded  by  a  close  lagging  of  3-inch 
plank, 
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In  many  of  the  large  shafts  at  the  gold-mines  of  the  Wit- 
watersrand  the  long  oblong  space  between  the  two  wall-pieces 
and  the  two  end-pieces  is  divided  into  five  compartments  by  four 
cross  timbers.  Four  of  these  compartments  are  used  for  wind- 
ing, whilst  the  fifth  serves  for  ladder-ways,  pumps,  and  air-pipes. 
Between  each  two  succesive  shaft  frames  there  are  four  corner- 
posts,  and  eight  smaller  subsidiary  distance-pieces.  Each  frame 
is  suspended  by  bolts  from  the  frame  above ;  and  a  lining  of 
planks  prevents  any  pieces  of  rock  from  falling  into  the  shaft. 

At  Clausthal  in  the  Hartz,  round  timber  is  generally  used, 
and  special  means  are  adopted  for  resisting  the  heavy  pressure 
of  the  ground  upon  the  wall-plates. 

In  Fig.  260  a  a  are  the  wall-plates,  made  of  timber  i  foot  in 
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diameter;  hh,  the  end-pieces;  e  e,  the  studdles,  which  are  18 
inches  long. 

The  end-pieces  are  not  halved  as  in  Fig.  254,  but  are  slightly 
wedge-shaped,  so  as  to  preserve  their  whole  strength  for  pre- 
venting the  wall-plates  from  being  squeezed  together.  However, 
reliance  is  mainly  placed  upon  frameworks  of  round  timber, 
1 5  inches  in  diameter,  placed  at  the  ends  and  near  the  middle 
of  the  shaft,  and  shown  in  elevation  in  Fig  261.  Each  frame- 
work consists  of  two  pieces,  18  to  20  feet  long  (wall-posts,  c  c), 
kept  apart  by  diagonal  struts  (stempels  or  spur  timbers,  d,  (f ,  d). 
The  foot  of  the  lowest  stempel  fits  into  a  hitch  cut  in  the  long 
wall-post,  whilst  the  head  is  merely  hollowed  out  to  suit  the 
curvature  of  the  opposite  wall-post.  All  the  other  stempels  are 
cut  out  in  this  way  at  both  ends,  and  when  the  bottom  stempel 
has  been  put  in,  the  others  are  very  speedily  fixed  one  above 
the  other.  If  necessary,  a  strong  bearer,  h,  is  put  in  from  time 
to  time  under  the  wall-posts,  and  projects  a  foot  or  18  inches 
into  the  ground  on  each  side  of  the  shaft;  thin  poles  placed 
vertically  and  horizontally,  /  and  </,  prevent  loose  stones  from 
falling  in. 

Special  excavations  have  to  be  timbered  according  to  circum- 


SUPPORTING  EXCAVATIONS.  257 

Btances ;  thus  a  chamber  for  a  water-wheel  at  CUustbal  id  the 
Hartz  was  made  decagonal  (Fig.  362).     The  main  barizoQtal  . 


pieces  at  the  side  were  of  lo-incb  round  timber  cut  at  the  ends 
to  tbe  proper  angle;  behind  them  came  half -round  timber,  trees 
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inches  wide,  sharpened  at  the  ends ;  they  serve  to  keep  the  loose 
ground  from  falling  into  the  shaft ;  1 1  are  so  called  *^  tailings  " 
which  keep  the  laths  in  position.  The  lath  k'  is  one  which  is 
being  put  in ;  it  has  to  be  struck  with  a  heavy  sledge  until  it 
makes  its  way  into  the  loose  ground.  If  very  heavy  blows  are 
required,  the  head  of  the  lath  is  protected  by  an  iron  shoe. 


Fig.  264.    Sectional  elevation  along  line  AA  of  Fig.  263. 
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The  piece  m  is  a  stay  put  in  for  the  purpose  of  keeping  the 
set  or  frame  in  its  place  until  the  laths  have  been  driven. 
The  frames  are  kept  at  the  proper  distance  apart,  and  the 
timber  structure  is  stiffened  by  the  usual  corner  posts  n  n 
{Htvddles), 
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The  loose  ground  is  excavated  gradually,  while  each  protecting 
sheath  of  planks  is  in  proceso  oC  being  di-iven  down,  and  in  due 
course  another  frame  ie  hung  on,  and  the  operations  of  driving 
laths  and  excavating  are  repeated. 

At  mines  on  the  Comstock  lode,  the  bolts  for  keeping  the 
frames  together  are  made  in  two  parts,  with  a  tightening  screw 
ID  the  middle  ;   grent  firmness  is  tliua  secured. 

Working  Place*. ^The    timbering  of  working   places  varies 

very  greatly.     The  simplest  ceise  is  that  of  a  horizontal  bed. 

Here,  props  put  in  vertically  often  suffice  to  support  the  weight 

of  the  roof.    The  addition 

Fio.  365.  of  a  lid,  a  flat  or  slightly 

.^l,  wedge-shaped    piece    of 

""■^  '•  board  at  the  top,  extends 

■"  the  bearing  surface,  and, 

by  presenting  a  smooth 

face   to   the   top  of  the 

jgiii  prop,  enables  this  to  be 

'""'  forced   in    more    firmly 

into    position    than     it 

could  be  against  a  rough 

'  ,     roof.     It    also    yields   a 

C<^     little  to  the  pressure  of 

the  roof,  and  lengthens 

the  life   of  the  prop  in 

this  way. 

When  the  bed  is  in- 
clined, the  props  are  not 
set  quite  at  right  angles  to  the  plane  of  bedding ;  one  reason 
for  this  is  that  if  so  set  they  might  be  knocked  out  by  a  falling 
stone.  Experience  shows  fiiat  the  amount  of  set  or  underset 
of  im>ps  should  lie  between  one- eighteenth  and  one-sixth  of  the 
dip  of  the  seam. 

Fig.  i6Si  copied  from  Mr.  Sawyer,  is  an  instance  of  a  prop 
and  lid  for  working  in  a  bed 
of  clay  ironstone  in  Stafford-  p,Q_  ^^ 

shire.  The  same  method  is 
uned  in  gold-mines  in  Western 
Australia. 

Logs  laid  two  by  two  cross- 
wise {chocki  or  rribs),  the  puj- 
stiea  of  the  Australian  miner, 
form  efficient  supports.  Pig. 
166  represents  the  manner  of  -■— ^-^"-^"-"-"^^^---^^^'^lig" 
using  them  in  a  bed  of  potter's 

clay;  Fig.267,oneof  the  huge  structures  which  may  be  seen  in  the 
Wieliczka  salt  mines  ;  and  lastly.  Fig.  a&8,  the  method  adopted 
at  Day  Dawn  gold  mine,  Queensland,  in  the  case  of  a  vein. 
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The  pigstioB  for  supporting  the  hanging  wall  are  built  up  at 
intervals  in  the  working  places  {»tope»),  and  then  filled  up  with 
rubbish  {deads,  midlor,k).  The  pigsties  on  the  foot-wall  serve  to 
keep  up  a  portion  of  the  vein  until  it  is  time  to  break  it  down. 
Square  timber  is  used  for  chocks  as  well  as  round. 

Fig.  267. 


The  "square  set"  system  of  timbering,  so  largely  used  in 
the  United  States,  is  not  an  invention  of  American  origin, 
as  ia  usually  supposed.     It  appears  to  have  been  known  in 


Australia  as  long  ago  as  1854.  The  manner  in  which  it  is 
employed  in  Nevada  for  working  away  the  soft  ore-bodies  of 
the  great  Comstock   lode   (Figs.    269,    370,   and    271)   is  well 
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described  by  Hague.  It  consists  in  framing  timbers  together 
in  rectangular  sets,  each  set  being  composed  of  a.  square  base 
placed  horiEontally,  formed  of  four  timbers,  sills,  and  cross- 
pieces,  4  to  6  feet  long,  framed  together,  surmounted  by 
four  posts  6  to  7  feet  high,  at  each  corner,  and  capped  by  a 
framework  similar  to  that  of  the  base.  These  cap-pieces, 
forming  the  top  of  any  set,  are  at  the  same  time  the  sills,  or  base, 
of  the  nezt  set  above,  the  poets,  as  the  sets  rise  one  above  the 
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other  in  the  stope,  being  generally  placed  in  position  directly 
over  those  below. 

The  timbers  are  usually  of  13-incb  stuff,  square  hewn,  or 
sawn.  Eiach  post  has  a  tenon  9  inches  long  at  the  upper  end, 
and  a  tenon  of  a  inches  at  the  other  end,  which  fit  into  mortices 
in  the  cap  and  sill  respectively  ;  and  the  sills  and  caps  have 
short  tenons  on  each  end,  and  shoulders  cut  to  receive  the  ends 
of  the  post  and  the  horizontal  cross-pieces.  The  walls  of  the 
excavation  are  sustained  by  a  lagging  of  3-inch  or  4-inch  plank. 
The  whole  width  of  the  ore-body  ia  stoped  away  at  once,  and  its 
place  supplied  by  timbering,  and 
Fio,  371.  finally  the  vacant  space  is  filled 

with  waste  rock  derived  from 
dead  work  in  the  mine  or  from 
special  excavations  —  under- 
ground quarries,  in  fact — in 
barren  ground.  The  stoping  in 
carried  on  overhand,  starting 
from  an  intermediate  shaft  or 
winze,  and  Fig.  371  will  explain 
how  the  different  frames  are  built  up  one  above  the  other. 

In  the  Eureka  district,  Nevada,  the  system  employed  for 
securing  the  chambers  left  by  the  excavations  ot  the  ore-bodies 
is  by  similar  square  sets,  but  the  mode  of  joining  the  pieces  of 
timber  presents  some  peculiarities. 

Fig.  373  is  a  general  view  of  a  square  set  employed  at  the 
Richmond   mine,   which    explains   the   manner   in    which   the 
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tenons  and  sbouldere  are  cut.  This  complicated  method  of 
framiiig  is  admitted  to  be  expensive,  but  its  adherents  claim 
that  it  possesses  great  strength.  At  Eureka  mine  the  joint  is 
simpler.  The  Eureka  timbering  is  designed  for  resisting 
pressure  in  all  directions,  the  Richmond  method  for  offering  the 
greatest  resistance  in  the  direction  of  the  caps,  the  ties  being 
placed  parallel  to  the  walls. 

The  dimensions  of  the  piece  between  the  shoulders  are  :  posts 
6  feet,  caps  5  feet,  ties  4  feet,  and  the  timber  employed  is  pine 
from  the  Sierra  Nevada,  hewn  into  balks  13  by  iz,  10  by  13,  or 


10  by  10  inches.  At  the  Lake  Superior  iron  mines  the  square 
sets  are  cut  by  machinery  at  the  surface,  and  measure  7  feet 
6  inches  from  centre  to  centre  of  the  legs. 

Square  seta  have  been  used  at  the  Broken  Hill  mines 
in  Auattalia,  at  the  copper  mines  at  Butte  in  Montana,  and 
at  other  places  where  a  wide  and  soft  lode  has  to  be  stoped  away 
(Figs.  275  and  374),  but  this  system  has  been  given  up  to  some 
extent  owing  to  the  great  danger  from  fire,  &c.  The  joint  used 
at  Broken  Hill  is  represented  in  plan  by  Fig.  275,  in  which 
A  A  are  the  caps,  B  B  the  struts,  and  C  the  tenon  4  inches 
square  on  the  end  of  the  upright  post  or  leg.     Fig.  376  explains 


a64  ORE  AND  STONE  MINING. 

the  m&Dner  of  packing  the  hanging  wall  with  timber,  so  that  the 
load  maybediRtribat»d  evenly  npon  the  supporting  framework. 


It  also  shows  how  a 
lontal  stays. 


k  spot  at  A  is  further  isecured  by  hori- 
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When  additional  strength  is  required,  a  lining  A  (Fig.  377), 
or  an  angle-sta;,  B,  is  put  in  ;  and  should  these  precautions 

WWWVI      Fig.  275- 


3 


TJ Cr 

appear  insufficient  to  prevent  a  movement  of  the  ground,  the 
framework  may  be  reinforced  in  variouH  ways,  as  illustrated  hy 
C,  D,  E  and  F  ;  F  is  a  solid  10-inch  wall  of  timber. 
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IIASOKBY. — Masonry  has  long  been  used  for  supporting  the 
roof  and  sides  of  mining  excavations.     The  materials  necessary 
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are  stone,  ordinary  bricks  or  slag-bricks,  and  they  may  be  buUt 
up  alone  (dry  ioalling),  or  with  the  aid  of  mortar  or  hydraulic 


Fig.  279. 


cement.  Concrete,  a  mixture  of  hydraulic  cement  and  small 
stones,  is  occasionally  employed,  and  probably  could  be  more  so 
with  advantage. 
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Once  more  the  three  cases  of  a  level,  a  shaft,  and  a  working 
place  may  be  taken. 

Levels. — In  levels,  dry  walling  and  timber  are  sometimes 
combined.  Thus,  after  the  excavation  of  a  wide  lode,  the 
rubbish  is  piled  up  on  the  sides,  walls  are  built  up  of  the  large 
stones,  and  caps  of  timber  are  laid  across,  which  support  the 
"  deads  "  when  the  higher  portions  of  the  lode  are  taken  away. 

Fig.  278  represents  a  level  in  an  iron  mine  in  the  Forest  of 
Dean,  where  sandstone  is  available.  The  pieces  are  hewn  and 
trimmed  roughly,  and  a  semicircular  arch  is  made  to  rest  upon 
walls  at  each  side. 

Fig.  279  is  a  level  in  one  of  the  mines  at  Clausthal  in  the 
Hartz;  the  sides  are  constructed  of  slag-bricks,  and  at  the 
bottom  of  the  tunnel  there  is  a  channel,  made  of  concrete,  for 


Fig.  281. 
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carrying  water  and  preventing  its  percolation  into  lower 
workings,  which  would  otherwise  necessitate  unprofitable 
pumping. 

If  both  sides  {walls)  of  a  vein  (Fig.  280)  are  firm,  an  arch 
affords  ample  protection  when  the  ore  has  been  removed,  and 
provides  a  resting  place  for  the  rubbish  {deadsj  attlCy  Corn.). 

A  vein  is  very  often  a  fault,  and  soft  beds  may  be  found 
opposite  a  hard  wall  of  solid  rock.  In  this  case  the  arch  is  made 
to  reach  from  the  roof  to  the  floor  (Fig.  281). 

One  of  the  main  crosscuts  at  Mansfeld  was  lined  with  con- 
crete for  a  length  of  1000  m.  (|^  mile);  12  metres  (40  feet)  a 
day  were  put  in,  and  for  this  purpose  50  metres  (164  feet)  of 
centering  were  required.  The  laths  were  covered  with  thin 
sheet-iron,  so  as  to  prevent  the  concrete  from  sticking.  The 
concrete  was  made  of  Portland  cement,  broken  stone,  and  gravel, 
in  the  proportion  of  i  to  7,  viz.,  i  part  of  cement,  2^^  of  broken 
stone,  and  4^  of  gravel.  Up  to  a  height  of  16  inches  (40  cm.) 
from  the  ground,  the  layer  of  concrete  was  made  thick  enough 
to  join  on  to  the  sides  of  the  level,  in  order  to  assure  a  firm 
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foundation.  Above  that  height  it  was  made  onlj  6  inches 
thick,  the  sidei^  of  the  level  having  been  previously  built  up 
with  dry  walling. 

The  centering  could  be  removed  at  the  end  of  three  days,  but 
it  was  usually  kept  in  four  or  five.  It  was  found  that  five  men 
could  put  in  6  m.  (30  feet)  of  concrete  lining  in  a  shift  of 
twelve  hours.  The  coat  per  running  metre  was  3 1  marks  70  pf. 
{jC^<  8s.  4d.  per  yard), 

Shafu. — Like  levels,  shafts  are  lined  with  masonry,  brick- 
work, or  concrete,  and  these  have  the  advantage  of  being  far 
more  permanent  than  timber,  and  of  requiring  fewer  repairs. 

When  due  weight  is  given  to  the  fact  that  the  shafta  are 
usually  the  main  thoroughfareH  of  a  mine,  the  necessity  of 
having  a  lasting  lining  becomes  very  evident. 

This  kind  of  shaft-lining  is  especially  desirable  in  loot^e 
ground  near  the  surface,  because  if  the  working  is  discontinued 
temporarily,  the  shaft  still  remains  secure  and  available  for  use 
at  any  future  time  ;  whereas  if  timber  is  put  in,  it  soon  decays, 
the  top  of  the  shaft  collapses,  and  much  expense  is  incurred  in 
the  process  of  re-opening  it. 

Another  immense  advantage  of  a  shaft  without  timber  is  its 
immunity  from  fire. 

The  section  of  walled  shufts  is  generally  circular,  as  affording 
the  beat  resistance  to  pressure.     EUiptiod  walling  is  also  met 
with,  and  sometimes  the  two  long  sides  are  made  with  a  flat 
curve,  and  the  two  ends  with  a  curve  of 
Via.  aSi.  much  shorter  radius.     The  walling  may 

be  dry  or  with  mortar,  according  to  cir- 
cumstances. The  masonry  lining  is  put 
in  either  in  one  length,  or  in  successive 
rings  or  sections  in  descending  order,  and 
this  is  the  usual  plan. 

The  shaft  is  sunk  to  a  certain  depth 
with  a  temporary  lining  of  timber,  and 
when  firm  ground  has  been  reached,  a  bed 
is  out  out  on  which  is  placed  a  ciib  or 
curb,  A  B  (Fig.  282),  consisting  of  seg- 
ments of  timber  forming  a  ring.  Tlus 
serves  as  a  foundation  for  the  brickwork, 
which  is  built  up  to  the  surface ;  the  tem- 
i  porary  timbering  is  sometimes  left  in  and 

I  sometimes  removed  as  the  work  progresses, 

I  and  any  vacant  space  is  filled  up  with  earth 

or  concrete.  Sinking  is  then  resumed,  and 
of  a  smaller  diameter  for  a  certain  distance,  so  as  to  leave  a  bracket 
or  ledge  to  support  the  curb.  On  arriving,  after  a  certain 
depth  of  sinking,  at  another  firm  bed,  a  second  cmh,  C  D, 
is  put  in,  and  a  second  ring  of  brickwork  buUt  up.     When  the 
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intervening  ledge  of  rock  is  reached,  it  is  carefully  removed  in 
small  sections,  and  tbe  brinhwork  brought  up  to  the  first  curb. 
Thia  process  is  repeated  until  the  shaft  ia  completed,  or  reaches 
rock  in  which  no  masonry  is  requisite.  It,  owing  to  tbe  nature 
of  the  ground,  it  is  impossible  at  first  to  find  firm  seats  for  tbe 
curbs,  it  becomes  necessary  to  bang  tbem  by  iron  bolts  from  a 
strong  bearing-frame  at  the  surface,  or  to  support  tbem  on  iron 
bars  fixed  in  tbe  sides. 

Fig.  183  ahowa  a  concrete  lining  put  in  at  the  top  of  the  main 

Fia.  183. 


shaft  at  Foxdale  mine,  in  the  Isle  of  Man.  The  shaft  is  rect- 
angular, 13  feet  6  inches  by  10  feet  6  inches.  The  concrete 
serves  not  only  to  support  the  aides  in  the  loose,  weak  ground 
near  the  top,  but  also  to  keep  out  much  of  the  surface  water. 
The  concrete  was  made  of  4  parts  by  volume  of  stones  a\  inches 
to  3  inches  across,  z  parts  of  sharp  sand  and  1  of  Portland 
cement,  and  the  total  cost  for  materials  and  labour  was  13s.  6d. 
per  cubic  yard. 

In  Belgium  an  instructive  comparison  between  brickwork 
and  concrete  linings  was  practically  made  in  1899  in  deepening 
an  air-shaft  in  the  Coal  Measures  from  a  depth  of  480  m. 
(525  yards)  to  580  m.  (634  yards).  The  upper  half  of  this 
extension  was  temporarily  lined  with  timber  and  then  with 
brickwork.  The  lower  half  was  lined  directly  with  concrete. 
After  sinking  3  or  4  metres  or  more,  according  to  tbe  state  of 
the  ground,  without  supporting  tbe  sides,  the  first  section  of 
centering  was  Inid  on  a  light  plank  collar  resting  on  three 
timbers  which  subsequently  served  as  dividiogs.  The  centres 
were  made   i  m.  high  and  3  m.  in  diameter.     In  tbe   space 
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between  the  centre  and  the  side  of  the  shaft,  concrete  was 
run  in  and  well  rammed ;  then  a  second  centre  was  placed  in 
position  and  another  metre  lined  with  concrete,  and  so  on. 
The  concrete  for  the  last  fraction  of  a  metre  was  laid  by  the 
trowel  and  rammed  horizontally.  Sinking  was  then  recom- 
menced, another  section  lined  with  concrete,  and  so  the  work 
proceeded.  The  concrete  was  composed  of  11  part  stones,  2^ 
parts  slag-cement,  and  6^  parts  granulated  slag. 

This  rapid  and  economical  proceeding  gave  a  perfectly 
smooth  and  regular  tubular  lining,  advantageous  to  the 
ventilation,  immune  from  fire,  and  requiring  no  preliminary 
timbering  with  its  attendant  dangers.  Further,  the  concrete 
covered  up  the  fresh  rock  surface  before  it  had  time  to 
deteriorate. 

The  daily  advance,  sinking  and  lining  included,  was,  on  the 
average,  29  per  cent,  quicker  with  concrete  as  compared  with 
brickwork,  while  the  average  cost  of  labour  per  running  metre  of 
brickwork  was  82  per  cent,  dearer  than  for  concrete,  and  for 
materials  148  per  cent,  dearer. 

The  main  particulars  of  the  two  cases  are  tabulated  below 
side  by  side,  in  order  to  facilitate  comparison. 


Deepening  a  Mine-shaft  100  Metres  in 
the  Coal  Measures. 

Sinking  and 
Lining  the  first 
50  Metres  with 

Brickwork. 

Sinking  and 

Simultaneously 

Lining  the  last 

50  Metres  with 

Concrete. 

Diameter  of  sinking     .... 
Area  of  cross  section  of  sinking  . 
Volume  excavated  per  metre  of  depth. 
Labour  cost  per  metre  of  depth    . 
Depth  sunk  in  24  hours 
Thickness  of  lining       .... 

Useful  diameter 

Volume  of  materials  used  for  lining     . 
Cost  of  materials  per  running  metre    . 
Depth  lined  in  24  hours 

4  m. 

I2'57  sq.  m. 

I2'57  cub.  m. 

100  francs 

1  m. 
0-5  m. 

3  m. 
5*5  cub.  m. 
6875  francs. 

2  m. 

3-5  m. 

9*62  sq.  m. 

9'62  cub.  m. 

65  francs 

1-35  m. 

0*25  m. 

3ni. 

2'55  cub.  m. 

27-67  francs 

4  m. 

Some  shafts  in  Germany  have  been  lined  with  concrete  blocks 
shaped  so  as  to  fit  the  curvature  of  the  sides.  Each  block  is 
fluted  at  the  top  and  at  the  ends,  whilst  the  bottom  has  a  bead- 
ing, which  lies  in  the  channel  of  a  block  below  it.  As  the 
blocks  may  weigh  as  much  as  one-third  of  a  ton  each,  it  is  con- 
venient to  have  some  easy  means  of  handling  them.  A  vertical 
hole  is  therefore  left  in  each  block  which  receives  a  ring 
bolt,  fixed  by  a  cotter  inserted  through  a  horizontal  hole.  The 
block  can  then  be  easily  slung  to  a  rope  and  lowered  into 
position,  and  on  knocking  out  the  cotter  the  bolt  can  be  with- 
drawn.    The  spaces  between  the  blocks,  and  also  the  bolt-holes, 
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are  filled  with  cement;  the  sfauft  thus  receivee  what  is  practi- 
cally &  solid  lining  of  concrete,  which,  besides  supporting  the 
ground,  keeps  back  water  and  acts  the  part  of  tubbing.  A 
lining  of  this  kind  has  the  advantage  over  cast-iron  and  timber 
of  not  corroding  or  decaying,  besides  which  its  strength  in- 
creases with  age,  and  any  expansion  or  contraction  from 
changes  of  temperature  are  inappreciable.  Finally,  it  is  far 
cheaper  than  a  lining  of  brickwork  or  iron. 

The  Ifonier  system  consists  in  strengthening  the  concrete  by 
a  coarse  network  or  skeleton  of  iron  wire  embedded  in  it.  Re- 
inforced in  this  way,  the  fabric  has  greater  tensile  strength. 

Working  Places. — In  temporary  excavations,  like  working 
places,  rough  pillars,  built  up  of  lumps  of  waste  stone  or  of  the 

Fio.  284. 


useful  mineral  itself,  will  take  the  place  of  timber  in  supporting 
the  roof,  or  may  be  used  as  an  adjunct  to  it,  as  is  the  case  in 
Fig.  284,  borrowed  from  Mr.  Sawyer. 

The  timber  at  the  top  sei'ves  to  make  the  pressure  come 
gradually  upon  the  stone.  The  post  is  eventually  drawn  out 
and  the  stone  recovered. 

Walls  are  also  built  up  with  waste  stone  enclosing  spaces 
which  are  filled  up  with  any  available  rubbish  ;  and  in  some 
instances  excavations  are  entirely  packed  with  rubbish  after  the 
removal  of  the  useful  mineral. 

It  is  only  in  exceptional  cases  that  it  is  possible  to  incur  the 
expense  of  building  pillars  with  cement  or  mortar  to  support 
the  roof  and  sides  of  working  places  ;  but  masonry  or  concrete 
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arches  may  be  constructed  for  carrjing  the  rubbish  used  for 
filHng  the  vacant  places  left  by  workings  upon  mineral  veins. 

HBTALUO  SUPPORTS.— There  are  various  ways  of  using 
iron  and  steel  as  supports  for  levels,  shafts,  asd  working  places. 

Levels. — In  one  part  of  the  Halkyn  Drainage  tunnel,  Flint- 
shire, a  combination  of  cast-iron  and  wrought-iron  has  been 
employed.  Much  of  the  level  is  in  hard,  solid  limestone,  and 
requires  no  lining  of  any  kind ;  but  where  small  beds  of  shale 
were  intermixed  with  the  harder  rock,  timber  supports  were 
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put  in.  As  the  timber  originally  used  was  shoving  signs  of 
decay,  it  was  decided  in  1887  to  replace  it  by  a  more  lasting 
m  aterial — iron . 

The  nature  of  the  Halkyn  supports  will  be  easily  understood 
by  Fig.  185.  Thare  are  two  vertical  props  or  legs,  which  are 
hollow  cylinders  of  cast-iron,  6  feet  6  inches  long,  5  inches  in 
diameter  externally,  and  4  inches  internally,  with  a  flange 
8  inches  in  diameter  at  the  top,  and  9  inches  in  diameter  at 
the  bottom. 

A  chair,  shown  in  section  by  Fig.  286,  drops  into  the  top  of 
the  iron  column,  and  receives  a  reversed  iron  rail,  7  feet  long, 
weighing  117  lb.  (50  lb.  to  the  yard),  the  precbe  shape  of  which 
is  shown  on  a  larger  scale  by  Fig.  287.  The  iron  frames  are 
placed  about  3  feet  apart,  planks  or  rails  are  laid  from  one  to 
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the  other,  and  the  space  between  them  and  the  roof  tightly 
packed  with  stones.  A  dry  stone  wall  is  built  up  on  each  side, 
with  an  occasional  plank  or  rail  to  make  it  firmer.  Fig.  285 
also  shows  a  timber  "  spreader  "  above  the  water  level,  carrying 
longitudinal  sleepers  with  bridge  rails  forming  a  waggon-way 
with  a  26-inch  gauge. 

This  method  of  support  is  designed  for  a  case  where  the  roof 
is  weak,  and  where  no  great  pressure  is  expected  from  the  sides. 
It  would  evidently  be  unsuitable  for  the  Cornish  County  adit  in 
Gwennap,  because  the  water  would  speedily  eat  away  the  iron. 
In  the  Halkyn  adit,  however,  no  corrosion  need  be  feared ;  for 
iron  rails  which  were  laid  near  the  mouth  of  the  tunnel  very 
many  years  ago  have  not  been  injured  by  the  water.  Its 
cheapness,  as  compared  with  the  cost  of  the  walling,  was  the 
reason  why  iron  was  adopted  in  Flintshire.     It  was  estimated 
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that  to  secure  this  part  of  the  adit  with  the  best  Buckley  brick 
and  hydraulic  lime,  would  cost  over  jQ^  per  yard,  whereas  the 
present  method  has  cost  only  ^£2^  4s.  per  lineal  yard  of  tunnel. 
It  cannot  be  denied  that  a  brick  lining  would  be  more  per- 
manent, as  the  planks  in  the  roof  of  the  level  will  have  to  be 
replaced  from  time  to  time ;  but  the  cost  of  repairs  is  likely  to 
be  slight.  In  more  recent  work  iron  rails  and  old  fire-bars  are 
used  instead  of  wooden  lagging. 

Steel  beams  have  now  been  used  with  success  for  many  years 
in  place  of  timber.  At  the  Nunnery  Colliery,  Sheffield,  they 
are  of  I-section,  4  inches  wide,  5  inches  deep,  with  the  web 
f  inch  thick  (Fig.  288),  and  they  are  considered  to  be  of  the 
same  strength  as  12-inch  Norway  balk.  The  beams  are  sup- 
plied in  lengths  of  6,  7,  8,  9,  and  10  feet,  so  as  to  suit  drivages 
of  various  widths.  There  are  two  ways  of  using  them — (i) 
as  "  bars,"  or  caps,  resting  upon  the  timber  legs ;  (2)  as  legs 
and  caps. 

Fig.  289  shows  the  former  method — a  horizontal  cap,  10  feet 
long,  rests  upon  two  legs  of  round  Norway  timber,  8  to  10 
inches  in  diameter,  and  a  lug  or  band  of  wrought  iron,  i|  inch 
by  f  inch,  shrunk  on,  prevents  the  leg  from  coming  in  side- 
ways.   The  frames  or  sets  are  genersdly  placed  3  feet  apart. 
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and  old  timber  laid  across  from  cap  to  cap  forms  the  so-called 
lofting  supporting  the  roof. 

The  steel  beams  are  tarred  over  with  unboiled  gas  tar,  and 
some  have  been  in  use  several  years  without  showing  any  signs 
of  deterioration,  whereas  the.  average  life  of  Englifii  larch  or 
Norway  timber  at  this  colliery  is  only  two  years. 

The  beams  cost  about  jQ^y  los.  per  ton,  delivered  at  the 

Fig.  289. 
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colliery;  in  other  words,  a  lo-foot  beam  costs  8s.     Abeam  of 
Norway  timber  10  feet  by  12  inches  by  12  inches  would  contain 
10  cubic  feet,  and,  at  8^d.  per  cubic  foot,  would  cost  7s.  id. 
The  difference  in  original  cost  is  therefore  not  very  great. 
The  advantages  of  the  steel  over  timber  beams  are  numerous: — 

1.  Greater  durability,  which  means  a  great  reduction  in  the 
C03t  of  repairs.     They  are  dry  rot  and  insect  proof. 

2.  Possibility  of  using  the  beams  elsewhere  when  taken  out. 
If  bent  slightly,  they  can  be  reversed ;  if  badly  knocked  about, 
they  can  be  sent  to  the  steelworks  and  worked  up  again.  In 
any  case,  they  are  of  some  value. 

3.  Lightness  and  handiness.  A  lo-feet  steel  beam  weighs 
166  lbs. ;  a  lo-feet  beam,  12  inches  square,  of  Norway  timber, 
weighs  3  cwt.  The  steel  beams  are  not  only  lighter,  but  also 
less  bulky,  and  consequently  more  easily  handled.  Therefore 
men  can  do  more  work  in  a  given  time. 

4.  Increased  space  for  ventilation.  The  free  space  in  a  level 
wijl  be  from  S  to  7  inches  higher  with  steel  than  wjth  timber 
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in  lining  hd  excavatioa  of  a  given  aize.  Six  inches  added  to  a 
height  of  6  feet  meana  an  increase  of  i  - 1  ath,  or  85  per  cent,  in 
the  area  of  the  airway, 

5.  Less  deterioration  of  the  air  of  the  mine  by  decaying 
timber. 

6.  No  danger  from  fire. 

When  girders  are  used  oa  legs  as  well  as  caps  (Fig.  190),  a 
plate  of  rolled  steel,  of  the  shape  shown  in  Figs.  291  and  392, 
is  placed  at  eacb  extremity  of  the  leg.    The  plate  is  J  inch 

Fia.  190.  Fio.  291. 


thick,  6|  inchea  long,  by  6  inches  wide,  with  a  slot  ^  inch  wide 
and  z^  inches  long.  I^e  web  of  the  leg  passes  into  this  slot, 
and  is  thus  prevented  from  slipping  sideways,  while  the  tumed- 
up  rim  prevents  slipping  outwards  or  inwards. 

Lugs  of  wrought  iron  are  shrunk  on  to  the  cap  as  in  the 
previous  case. 

In  making  the  comparison  of  cost,  it  is  necessary  to  recollect 
that  a  case  extremely  favourable  to  steel  has  been   chosen, 
because  the  beams  are  made  at 
Sheffield,  and  any  waste  material  FiQ.  293- 

can  be  worked  up  again  on  the 
spot  without  having  to  pay  a 
heavy  cost  of  carriage  hack  to  the 
steelworks. 

One  kind  of  joint  used  in 
Belgium  for  I-iron  is  a  flanged 
bonnet  of  cast-iron,  which  re- 
ceives the  top  of  the  leg  and  one 
end  of  the  cap.  A  wooden  wedge 
is  placed  in  the  bonnet  under  the 
cap,  so  as  to  give  a  certain  amount 
of  elasticity  to  the  frame. 

In  doing  work  with  a  new  material,  a  servile  imitation  of  the 
old  forms  is  often  remarked.  The  fact  of  timber  being  most 
readily  obtainable  in  straight  pieces  naturally  led  to  the  adop- 
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tion  of  rectangular,  trapezoidal,  or  polygonal  forms  for  support- 
ing linings ;  but  there  is  no  necessity  with  iron  or  steel  for 
copying  the  shapes  which  are  most  suitable  with  wood.  This 
was  recognised  by  the  Germans  in  the  early  days  of  iron  sup- 


FiQ.  294. 


ports.  A  method  in  use  in  the  Hartz  in  1872  consisted  in 
bending  an  iron  rail,  as  shown  by  Fig.  293,  and  making  it 
support  other  rails  laid  longitudinally,  against  which   flattish 

Fio.  295. 


stones  were  placed;  the  vacant  place  between  these  and  the 
rock  was  filled  with  rubbish.  The  ends  of  the  rails  were  footed 
in  holes  cut  in  large  stones. 
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Some  neat  and  effective  forms  of  steel  supports  are  made  in 
France,  where  more  attention  baa  been  paid  to  the  sabject  than 
in  Great  Britain. 

Tbree  kinds  made  of  I-steel  by  tbe  I  Pia.  296. 

"Soci^t^  anonjme  des  Hauts-Fourneaux, 
Forges  et  Aci^es  deDenain  et  d'Anzin," 
will  serve  as  good  examples  of  steel  sup- 
ports for  levels. 

Fig.  394  is  a  slightly  bent  bar,  the 
ends  of  which  are  made  to  rest  upon  dry 
walls  at  the  sides  of  alevel.  It,  therefore, 
takes  Uie  place  of  an  arch.  Fig.  195  re- 
presents a  favourite  form  of  lining  for 
levels ;  it  is  composed  of  two  side-pieces 
suitably  bent  at  the  top,  and  united  by 
a  couple  of  fish-plates  (Fig.  296)  and 
four  bolts;  in  some  cases  a  cast-iron 
sleeve  is  used  instead  of  the  fish-plates. 
When  the  floor  is  soft  and  liable 
to  "creep,"  the  frame  may  be  made  of  three  pieces  (Fig.  297). 


Fia.  297. 
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Some  minos  utilise  old  rails,  weighing  36  to  40  lbs.  per  yard 
(18  to  20  kilo,  per  metre)  for  frames.  The  rails  are  bent  into 
semicircles,  and  two  of  these  are  united  by  sleeves  of  riveted 

Fig.  29S. 


Fia.  299. 
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sheet-iron,  in  which  they  are  kept  kept  tight  by  wooden  wedgea 
Elliptical  frames  are  used  in  the  Freiberg  district,  made  of  two 
pieces  of  rail  held  together  by  a  couple 
of  fish-plates  at  the  top  and  bottom. 

The  frames  made  by  the  '*  Compagnie 
des  Fonderies  et  Forges  de  THorme" 
(Loire)  are  almost  invariably  composed 
of  two  semicircles  of  mild  steel.  Two 
kinds  of  sections  are  employed — namely, 
channel  steel  and  bulb  tee  steeL  Bm 
of    channel    steel,    70  mm.  x  40    mm., 

weighing  16  lbs.  to  the  yard,  are  sawn  into  proper  lengths 
on  leaving  the  rolls,  and  while  still  hot  are  bent  into 
semicircles.  The  ends  are  carefully  planed  square,  so  that 
the  top  semicircle  may  rest  accurately  upon  the  lower  one 
(Fig.  298).  They  are  joined  by  sleeves  made  of  sheet-steel, 
fixed  by  a  couple  of  small  iron  wedges  (Fig.  299).  It  is  claimed 
by  the  Horme  Company  that  these  frames  never  give  at  the 
joint 
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Steel  of  bulb  tee  sectioo,  weighiog  a6  Iba.  per  y&rd,  is  employed 
for  heavier  ground  (Fig.  300).  The  sleeves  are  made  of  riveted 
sheet-ateel,  and  are  fixed  b;  two  wooden  wedges,  one  on  each 
side  of  the  web  (Fig.  301).     Ban  of  U-steel  of  a  hollow  semi- 

Fio,  300. 


circular  section  are  used  oa  the  lagging ;    the  steel  ia  I  inch 

thick  and  about  1^  iocb  in  diameter,  weighing  scarcely  3  lbs. 

per  yard  (1  kilo,  per  metre),  and  it  is  usually 

cut  in  lengths  just  sufficient  to  go  from  one  Fig.  301. 

frame  to  me   next.      Small   bars  of  steel  of 

square   section  are   employed    for    the    same 

purpose. 

Iron  and  steel  may  be  ui^ed  with  advantage 
instead  of  timber  for  the  construction  of 
supporting  platforms  [glulln)  in  vein-mining. 
At  Freiberg  full-sized  rails  are  employed  as 
cross-beams  {ttvil-pieces) ;  they  are  covered  ' 
with  small  mine  rails,  and  these  with  flat 
stones.      Where    the    pressure    is    not    very  ik'"™  «> 

great,  wire  rope  is  used  for  the  covering.  The  rope  is  cut  into 
pieces  about  3  metres  long,  and  the  ends  are  welded  up  and 
bent  into  hooks.  These  pieces  are  laid  across  the  iron  stull- 
pieces  and  covered  with  stones  and  rubbish. 
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In  places  where  the  two  walls  of  a  lode  are  likely  to  come 
together  a  little  after  a  time,  the  stull-pieces  are  cut  about  i  or 
i^  inch  shorter  than  required,  and  a  wooden  wedge  is  put  in  at 
each  end.  The  pressure  of  the  ground  squeezes  up  the  wedges 
gradually,  and  finally  the  rock  comes  against  the  iron.  The 
rails  used  as  stull-pieces  are  often  slightly  arched  so  as  better  to 
support  the  weight  of  the  rubbish,  and  the  flange  of  the  rail  is 
placed  underneath,  as  its  long  straight  edge  gives  a  better  hold 
in  the  rock  than  its  head.  The  rails  are  not  cut  across  at  right 
angles  to  their  length,  but  are  made  somewhat  longer  above 
than  below,  in  order  that  they  may  not  drop  through  if  small 
pieces  of  rock  break  off  under  them.  In  addition  to  all  sorts  of 
small  rails,  old  fire-bars  and  old  boiler-plates  are  occasionally 
utilised  for  "  lagging." 

A  comparatively  new  departure  in  driving  tunnels  in  soft 
ground  is  furnished  by  the  Greathead  shield,  by  the  aid  of 
which  various  long  tunnels  have  been  driven  through  day  and 
gravel,  in  London,  for  passenger  trafiic  by  electric  railways.  As 
cases  may  arise  in  mines  where  this  method  would  be  available, 
it  is  desirable  to  explain  briefly  the  mode  of  working  adopted. 
The  tunnels  of  the  City  and  South  London  Railway  may  most 
easily  be  described  as  long  tubes  of  cast  iron,  built  up  ring  after 
ring  as  the  excavation  progressed.  The  rings  are  i  foot  7  inches 
long,  made  in  seven  segments  bolted  together  by  f-inch  bolts 
passing  through  the  internal  flanges.  They  therefore  closely 
resemble  the  water-tight  lining  of  shafts  known  as  "  tubbing,"  to 
which  reference  will  be  made  later. 

The  ground  in  the  centre  part  of  the  end  of  the  tunnel  was 
dug  out,  and  a  cylindrical  shield  was  forced  forward  by 
hydraulic  jacks.  The  shield  had  a  cutting  edge  and  penetrated 
into  the  clay  under  the  pressure.  The  clay  was  removed  as  the 
shield  went  forward,  and  at  last^  when  the  advance  amounted  to 
20  inches,  a  new  ring  was  formed  by  bolting  together  the  seg- 
ments, which  then  exactly  fitted  the  inside  of  the  shield.  The 
progress  of  the  shield  left  an  annular  empty  space  i^  inch 
deep  between  the  last  ring  and  the  surrounding  day,  equal  to 
the  thickness  of  the  shield.  This  was  filled  by  injecting  Lias 
lime  grout  through  a  hole  in  each  segment,  and  so  encasing  the 
tunnel  in  concrete.  The  average  progress  per  day  (24  hours) 
was  ]  3  feet  6  inches. 

When  the  tunnel  came  to  water-bearing  gravel  and  sand,  it 
was  necessary  to  have  an  air-lock  and  keep  the  water  back  by 
compressed  air.  In  order  to  prevent  the  escape  of  air  into  the 
porous  gravd,  the  face  was  cut  away  in  sections,  and  as  each 
portion  was  exposed,  a  jet  of  grout  was  played  upon  it  to  close 
the  interstices. 

Shaft  Linings  of  Iron. — Fig.  302  shows  a  method  of  tempo- 
rary support  for  sinking  small  shafts  30  or  40  feet  deep.     Iron 
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ringB,  4  Feet  6  inohea  to  8  feet  in  diameter,  are  employed  to  keep 
liaing  plaoks  in  position.  The  rings  are  made  in  two  or  three 
segments,  bolted  together  inside.  The  iron  used  is  from  i-^  to 
2^  inches  wide  by  ^  inch  thick. 

The  rings  may  be  hung  one  from  the  other  by  iron  books,  and 
channel  iron  may  take  the  place  of  the  flat  iron  in  the  circles 
around  the  shaft. 

Steel  and  iron  rings  are  also  used  in  the  case  of  permanent 
supports  for   shafts.     The  accompanying   drawing  (Fig.   303) 
shows  the  lining  of  a  shaft  at  Boryslaw.     The  shaft  is  kept 
open  in  very  heavy  ground   by 
Fio.  305.  rings  of  channel  iron   placed    i 

metre  apart  from  centre  to  centre. 
Each  ring  is  made  in  two  halves, 
and  these  are  connected  by  two 
special  castings,  with  holes  for 
bolts;  they  act  the  part  of  fish- 
plates, two  bolts  being  on  one 
side  of  the  joint,  and  two  on  the 
other.  Around  the  rings  come 
oak  planks,  3  inches  thick,  and 
there  are  four  distance-pieces 
{ttuddles  or  po»U)  between  every 
two  rings.  At  intervals  of  a  or  3 
metres,  two  oak  bearers  are  placed 
across  the  shaft,  which  serve  to 
take  up  the  weight  of  the  rings 
if  necessary,  though,  as  a  rule, 
the  pressure  of  the  ground  holds 
the  rings  very  firmly.  The 
bearers  are  also  utilised  for 
carrying  the  guides  or  conductors 
Bc*.ut  or  rwcKia  for  the  cage. 

'     IIS'     .     .     7     •       pjg     204    represents   a    ring 
»e*i-t  0'  I.I1.L1MITK1!*  similar  to  those  used  at  Borys- 

i  ';';■;    ,    ,  ■.._-■  .i ' .'.  law,    made    by    the    Witkowitz 
ironworks    for    a    shaft    8    feet 
6  inches  in  diameter,  and  Fig.  305  gives  the  details  of  the 
connecting- piece  and  bolte. 

The  K^er  Wilhelm  shaft  at  Glausthal  in  the  Hartz,  with  an 
inside  diameter  of  475  metres,  was  lined  with  steel  rings. 
The  lining  for  i  metre  of  shaft  weighed  1225  kilogrammes  and 
cost  £^^.  Steel  has  also  been  employed  for  the  purpose  of 
lining  inclined  shafts  at  large  iron  mines  in  Michigan.  In  one 
case  the  inside  dimensions  of  the  shaft  are  17  feet  6  inches  by 
6  feet,  and  the  two  wall-plates  are  made  of  30  lb.  steel  rails,  and 
the  end  pieces  of  35  lb.  rails.  They  are  held  together  at  the 
corners  by  pieces  of  angle  steel  riveted  on  with  hfdf-inch  rivets. 
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The  Buceessive  frames  are  kept  apart  hj  studdles  also  made  of 

Working  Placet. — We  may  start  with  simple  cast-iron  props 
used  instead  of  timber  in  places  where  they  can  be  withdrawn. 
They  are  rather  heavy,  but  they  will  serve  over  and  over  again. 
At  some  collieries  a  large  number  of  these  props,  from  3  feet 
6  inches  to  5  feet  6  inches  long,  are  employed,  and  they  appear 
to  give  satisfaction.  N'aturally  they  have  to  be  made  of  the 
same  height  as  the  particvdar  seam  which  is  worked,  but  any 
minor  irregularities  in  the  roof  are  suited  by  the  thickness  of 
the  lid,  or  by  making  the  lid  of  two  pieces  of  board.  They  are 
set  with  the  small  end  downwards.     Oast-iron  props  are  not 

Flo.  306,  Pio.  307. 


suited  for  resisting  cross  pressures,  and  they  are  liable  to  break 
occasionally  when  they  happen  to  fall. 

Howell's  prop  is  a  hoUow  lap-welded  steel  tube  or  pipe, 
4  inches  in  diameter  outside,  with  the  ends  expanded  till  they 
are  slightly  conical  in  order  that  the  top  may  receive  a  wooden 
plug  which  projects  about  |  inch  above  the  steel.  These  props 
are  used  alone  in  working  places,  or  in  conjunction  with  bars  of 
I-steel,  to  support  the  roadways.  The  foot  of  the  prop  in  this 
case  is  set  out  about  6  inches  in  the  bottom  so  as  to  prevent  it 
from  coming  in  sideways.  The  object  of  the  plug  is  to  obtain  a 
certain  amount  of  elasticity. 

A  third  kind  of  prop  is  made  of  I-iron  or  steel,  either  cut  off 
square  or  with  the  web  cut  out  for  a  few  inches,  and  the  two 
flanges  turned  over  so  as  to  make  ends  with  a  larger  bearing 
surface  (Fig.  306).  The  holes  a  a  enable  the  props  to  be  with- 
drawn by  a  hook. 
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WATEBrTIGST  LINIKaS  FOB  SHAFTS.— We  must  now 
turn  to  the  special  case  of  shafts  which  have  to  pass  through 
watery  strata.  Here  it  is  often  advisable  to  put  in  a  water-tight 
linings  in  order  to  prevent  the  inflow  of  watier,  and  so  save  the 
expense  of  pumping  it  out  day  after  day  and  year  after  year. 

The  lining  may  be  made  of  wood,  brick,  and  hydraulic  lime  or 
cement,  or,  lastly,  iron. 

There  are  two  kinds  of  wooden  tubbing:  (1)  Flank  tubbing, 
whence  this  kind  of  lining  originally  received  its  name ;  and  (2) 
solid  timber  tubbing.  Flank  tubbing  is  made' of  boards  from  2 
to  3  inches  thick,  arranged  vertically  round  the  shaft  and  cut 
with  a  bevel  like  the  staves  of  a  cylindrical  barrel.  The  planks 
are  nailed  on  to  rings  of  wood  placed  at  suitable  intervals. 

Solid  wooden  tubbing  (Fig.  307)  consists  of  carefully  shaped 
blocks  of  oak  or  elm,  with  thin  sheets  of  deal  placed  between  the 

Fig.  308. 
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joints.  The  joints  are  wedged  up  as  tightly  as  possible,  and  a 
lining  of  this  kind  can  be  made  so  as  to  resist  a  very  considerable 
pressure  of  water,  even  200  to  300  lbs.  per  square  inch. 

The  method  known  as  "  coffering  "  consists  in  lining  the  shaft 
with  a  wall  made  of  brick  and  cement,  or  brick  and  hydraulic 
lime,  and  backing  this  up  with  puddled  clay.  It  is  specially  used 
for  keeping  back  the  surface-water. 

Full  details  concerning  this  method  will  be  found  in  a  paper 
read  by  Mr.  N.  B.  Griffith  before  the  North  of  England  Institute 
of  Mining  Engineers  in  1876  ;  and  the  description  here  may  be 
very  brief.  In  one  particular  instance  the  shaft  received  first  of 
all  a  temporary  lining  of  9-inch  brickwork  put  in  dry  during  the 
course  of  sinking,  the  successive  sections  being  held  up  by 
wooden  cribs  or  curbs — that  is  to  say,  rings  of  oak  placed  4 
to  5  feet  apart.  Each  ring  was  hung  from  the  one  above  it  by 
vertical  pieces  of  li-inch  plank  spiked  on  to  both  rings.  When 
firm  ground  below  the  watery  strata  had  been  reached,  a  level 
bed  was  cut  for  putting  in  the  wedging-crib — a  ring  made  of 
segments  of  cast-iron,  either  like  A  or  B  in  section  (Fig.  308). 
By  means  of  wedges  driven  in  behind,  it  was  made  perfectly 
tight  and  stanch.  Three  courses  of  brickwork  made  with 
Roman  cement  were  built  up  on  the  crib  and  the  wedges 
behind  it ;  they  formed  the  foundation  for  the  "  coffering " 
proper,  which  consisted  of  three  rings  of  biickwork  in  hydraulic 
mortar  E  E  (Fig.  309)^  separated  by  the  two  rings  of  hydraulic 
mortar  F  F,  and  the  puddled  clay  D.    B  represents  the  original 
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lining  of  nine  inches  of  dry  brickwork  put  in  against  tiie  watery 
strata.  As  water  running  down  the  sides  of  the  shaft  would 
render  it  impossible  to  carry  out  this  kind  of  work  satisfactorily, 
means  had  to  be  adopted  for  getting  rid  of  it.  A  garland  or 
circular  launder  waa  fixed  around  tbe  shaft  so  as  to  intercept  it 
before  it  could  ioterfere  with  the  work  of  coffering,  whilst  water 
coming  in  behind  the  coffering  was  drawn  off  during  the  progress 
of  tbe  work  by  placing  a  vertical  launder  against  tbe  preliminary 
lining  of  bricks.  This  launder  was  pierced  with  holes  every  three 
inches,  and  communicated  at  the  bottom  with  a  block  of  wood 
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which  bad  a  3~incb  hole  bored  through  it,  opening  into  the  shaft 
just  above  the  wedging-crib.  As  it  became  gradually  buried  by 
putting  in-the  clay  D,  the  holes  were  plugged  up,  and  finally  the 
launder  was  filled  with  pieces  of  stone,  and  cement  was  run  in. 

The  walling  was  done  with  hydraulic  mortar,  made  of  one  of 
blue  Lias  lime  to  two  of  sand,  and  the  middle  course  was  grouted 
in,  either  with  a  similar  mixture  or  with  pure  Roman  cement. 

The  advantege  of  coffering  over  the  ordinary  metallic  lining 
known  as  tubbing  is  it^  cheapness.  Mr.  Griffith  puts  the  cost  of 
coffering  a  shaft  he  sank  at  ;^io,  59.  per  yard,  and  he  estimates 
that  a  suitable  cast-iron  tubbing  would  have  cost  ^23  per  yard. 
The  pit  was  20  feet  in  diameter  clear  within  the  original  lining 
of  dry  bricks,  and  as  the  coffering  was  2  feet  tbidc,  the  finiH 
diameter  of  the  pit  was  reduced  to  16  feet. 


286  ORE  AND  STONE  MINING. 

Where  the  ground  is  soft,  a  cast-iron  lining  may  be  made  to 
sink  down  by  its  own  weight  and  by  pressure  applied  to  it.  This 
process  was  adopted  at  Restronguet  Creek,  a  branch  of  Falmouth 
Harbour,  in  order  to  work  a  bed  of  stream -tin.  The  creek  had 
lo  or  12  feet  of  water  at  high  tide,  and  was  nothing  but  a  mud- 
bank  at  low  tide.  A  staging  was  constructed  upon  piles  in  the 
creek,  in  order  to  have  room  for  working,  and  a  first  cylinder, 
with  a  cutting  edge,  was  placed  upon  the  mud,  two  more 
cylinders  were  then  bolted  on,  and  their  weight  caused  the 
whole  to  sink  down.  The  cylinders,  made  of  cast-iron,  were 
6  feet  high  by  6  feet  in  diameter  and  i^  inch  thick,  and  they 
were  joined  by  internal  flanges  faced  in  tne  lathe.  Each  ring 
weighed  about  2^  tons,  and  was  lowered  by  a  crane  through  an 
opening  in  the  stage,  between  guides  in  order  to  keep  it  vertical. 
When  the  first  three  rings  had  ceased  to  sink,  the  mud  inside 
was  cleared  out,  and  further  cylinders  were  added  and  forced 
down  by  pressure  from  the  chain  of  a  crab-winch.  Afterwards 
an  ingenious  method  of  taking  advantage  of  the  rise  and  fall  of 
the  tide  was  resorted  to.  A  huge  girder  was  laid  across  the  top 
ring,  and  a  barge  laden  with  stone  was  attached  to  each  end.  The 
fastening  was  made  complete  at  high-water,  and  when  the  tide 
fell  the  full  weight  of  the  barges  came  upon  the  girder,  and  so 
upon  the  shaft.  The  cylinder  was  thus  sunk  to  the  full  depth 
without  difficulty.  During  the  sinking  the  core  was  always 
cleared  out  a  little  below  the  bottom  of  the  cylinder  before  the 
barges  were  attached,  and,  if  left  for  a  day,  the  mud  was  found 
to  swell  up  3  or  4  feet  into  it.  A  total  weight  of  about  250  tons 
was  required  to  sink  the  cylinder  as  it  neared  the  bed  of  tin  ore. 
Altogether,  thirteen  of  the  6 -feet  rings  were  sunk,  making  a 
total  depth  of  28  feet. 

The  ordinary  method  of  tubbing  is  that  in  which  the  rings  are 
made  up  of  segments,  and  as  a  rule  the  cylinder  of  cast-iron 
plates  is  built  up  within  some  temporary  lining,  which  is  carried 
down  until  ib  reaches  some  solid  and  impervious  stratum  below 
the  water-bearing  measures,  fit  to  serve  as  a  foundation.  When 
such  a  stratum  has  been  found,  the  sinking  is  continued  for  a 
few  feet,  and  a  bed  is  cut  out  very  carefully,  and  trimmed 
perfectly  even  and  horizontal,  so  as  to  receive  the  first  crib  or 
curb  similar  to  those  just  described  in  the  case  of  coffering. 
The  curb  is  a  hollow  ring  of  cast-iron  made  in  segments  about 
4  feet  long.  Strips  of  deal  about  ^  inch  thick  are  placed  between 
every  joint,  and  the  segments  are  brought  tightly  together  by 
wedging  up  the  space  between  the  outside  of  the  curb  and  the 
rock.  The  joints  are  finally  rendered  perfectly  stanch  by 
driving  in  wedges  into  the  deal  strips.  A  second  curb  is  laid 
upon  the  first^  with  intervening  strips  of  deal,  and  the  wedging 
process  repeated  ;  sometimes  a  third  curb  comes  upon  the  second. 
The  top  curb  is  the  foundation  for  the  tubbing  proper,  which  is 
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built  up  Begment  after  Hegment.  The  segments  are  usually  i  to  3 
feet  high  and  4  feet  long ;  their  thickndSB  depends  upon  the 
pressure  of  water  they  have  to  withstand,  and  varies  between 
\  inch  and  3^  inches.  They  are  smooth  inside,  but  are  strength- 
ened with  flanges  and  ribs  on 

the  side  turned  towards  the  Pia&  310  anr  311. 

ground. 

The  segments  are  kept  in 
place  bj>  wedging  them  against 
the  sides  of  the  pit,  and  filling 
up  the  interspace  with  earth 
or  concrete ;  thorough  stanch- 
ness  is  secured  bj  interposing 
a   half-inch   strip   of  deal   or 
pitch  pine  at  every  joint,  and 
finally  driving  in  wedges  when 
all  the  tubbing  is  fixed.  Water 
coming  in  from  the  surround- 
ing strata  is  allowed  to  escape 
through   the  central  hole  of 
each   segment.      A   cast-iron 
lining  cylinder  {Figs.  310  and 
311)  is  thus  built  up  inside  the  shaft  until  an  impervious  stratum 
above  the  water-bearing  ground  is  reached ;   another  wedging 
curb  then  completes  the  tubbing.     The  joints  are  wedged  up  as 
tightly  as  possible,  and  finally  plugs  are  driven  into  the  central 
holes  of  the  segments.     If  the  work 
has  been  properly  performed,   the 
lining  will    be  water-tight.      The 
tabbing  is  sometimes  put  in  by  a 
succession    of    comparatively    short 
sections,  each  resting  upon  its  own 
wedging  curb,    and   shutting   off  a 
portion  of  the  water-bearing  beds. 
If    this    method  is  pursued,   each 
separate   section   is    continued    up- 
wards to   the  next  wedging  curve 
above,  resting   upon    a  bracket   of 
rock;  this  is  cutaway  very  carefully 
in  small  sections,  and  the  lost  ring  of 

segments  made  to  join   it   exactly.  >       j      t      •      wr»T 

When   the  amount  of  water  Is  not 

excessive,  it  is  usual  to  sink  through  the  whole  of  these  strata 
before  setting  a  wedging  curb  and  fixing  the  segments. 

In  a  few  cases  no  temporary  lining  is  used,  and  the  segments 
are  at  once  inserted  in  descending  order,  each  ring  hanging  from 
the  one  above  it.  After  several  rings  have  been  so  fixed,  a 
bearing-ring  is  put  in  and  the  wedging  of  the  joints  proceeded 
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with.     This  process  is  repeated  until  strata  are  reached  which 
require  no  such  lining. 

In  France  the  tuhhing  plates  are  generally  made  with  the 
flanges,  strengthening  ribs,  and  gussets  on  the  inner  side. 
Wedging  is  almost  entirely  avoided,  and  the  plates  are  rapidly 
placed  in  position  and  bolted  together  by  their  flangea  The 
faces  of  the  flanges  are  previously  dressed  true,  and  provided 
usually  with  two  shallow  grooves.  Sheet  lead  ^  inch  thick  is 
interposed  between  the  flanges,  and  when  the  nuts  are  tightened 
the  lead  is  squeezed  into  the  grooves,  thus  making  the  joint  stanch. 
As  a  rule  in  France  each  segmental  tubbing- plate  is  5  feet  (i  m. 
50)  high ;  there  are  usually  eight  segments  to  make  a  complete 
ring,  though  as  few  as  six  or  as  many  as  ten  may  be  met  with. 
Concrete  is  run  in  between  the  tubbing  and  the  rock.  Fig.  312 
shows  the  extremely  simple  form  of  segment  adopted  for  La 
Grange  shaft  of  Anzin  Colliery,  N.  France.  There  is  only  one 
horizontal  rib ;  the  vertical  ribs  were  suppressed,  as  they  were 
considered  almost  useless  considering  the  direction  of  the  stress 
which  they  have  to  support.  This  tubbing  is  16*4  feet  (5  m.) 
diameter  in  the  clear.  The  French  system  appears  to  possess 
certain  advantages  over  the  common  English  practice,  especially 
as  regards  the  facility  with  which  it  can  be  placed  in  position 
and  also  with  which  repairs  can  be  effected. 

SPECIAL  PROCESSES. —The  amount  of  water  met  with  has 
been  sometimes  so  great  as  to  render  sinking  by  the  ordinary 
methods  quite  impossible,  on  account  of  there  not  being  room 
enough  in  the  shafts  for  fixing  pumps  sufficiently  large  to  cope 
with  the  enormous  feeders  of  water,  and  even  where  pumping  is 
possible  the  expense  may  render  it  out  of  the  question.  A  few 
figures  quoted  by  Mr.  Bainbridge  will  give  some  idea  of  the 
enormous  cost  due  to  water-bearing  beds.  In  Germany  the 
sinking  of.  a  pit,  only  239  feet  deep,  cost  ^£96,000,  and  occupied 
40  months,  although  the  quantity  of  water  pumped  was  only 
606  gallons  per  minute.  For  another  pit  the  corresponding 
figures  were  570  feet,  ;^i 40,000,  91  months,  2200  gallons. 
Taking  eleven  cases,  it  appears  that  the  cost  varied  between 
j£^6  and  ;f  245  per  foot  of  sinking,  and  that  the  average  rate 
at  which  the  sinking  progressed  varied  from  3*9  to  17*2  feet  per 
month. 

For  dealing  with  cases  of  this  kind,  there  are  three  principal 
methods  of  sinking  which  deserve  special  mention:  (i)  Kind- 
Chaudron  or  boring  method ;  (2)  Triger  or  compressed  air 
method;  (3)  Poetsch  or  freezing  method. 

Boring  Method.— Kind's  process  as  improved  by  Chaudron 
consists  briefly  in  boring  out  the  shaft  by  means  similar  to  those 
employed  for  searching  for  mineral,  and  then  lowering  into  the 
pit  so  formed  a  water-tight  lining  of  cast-iron,  which  can  be 
made  stanch  at  the  bottom  even  under  water.     The  great 
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advantage  of  this  process  is  that  there  is  no  pumping  at  all 
until  the  operations  of  sinking  and  lining  are  complete;  and 
then,  indeed,  it  is  only  the  contents  of  the  shaft  itself  that  have 
to  be  drawn  up. 

The  various  stages  of  the  process  are  as  follows : — 
(i)  Alternately  boring  a  small  pit  in  advance,  and  enlarging 
it  by  a  bigger  tool  to  the  full  size  of  the  shaft. 
(a)  Preparing  a  seat  for  the  moss-box. 

(3)  Lowering  the  water-tight  lining  (tubbing)  with  its  moss- 
box  at  the  bottom. 

(4)  Putting  in  the  outside  lining  of  concrete. 

(5)  Pumping  out. 

The  preliminary  pit  is  bored  4  or  5  feet  in  diameter,  and  is 
always  kept  well  in  advance  of  the  full-sized  shaft, 
generally  from  30  to  100  feet. 

The  tool  used  is  a  composite  borer  with 
fourteen  cutting  chisels  a  fixed  in  round  sockets 
(Fig.  313).  Above  the  chisels  there  is  the  cross- 
piece  6,  with  two  cutters,  which  serve  to  trim  off 
any  slight  irregularities ;  at  the  same  time  it  acts 
as  a  guide,  and  so  tends  to  ensure  the  verticality 
of  the  hole.  There  is  also  a  second  guide  c  above 
it,  without  teeth.  The  total  weight  of  this  tool 
is  from  7  to  8  tons.  It  is  suspended  from  a  series 
of  pitch-pine  rods,  each  58  to  59  feet  in  length. 
Some  used  in  Belgium  were  7I  inches  square. 
Those  used  at  Marsden  were  only  5  inches  square. 
At  each  end  of  the  rod  an  iron  fork  is  clamped 
and  bolted  on,  terminating  in  a  taper  male  or 
female  screw.  The  top  rod  is  connected  to  a 
strong  chain  hanging  from  one  end  of  a  huge 
horizontal  wooden  beam.  The  other  end  of  the 
beam  is  attached  by  a  chain  to  the  piston  of  a 
vertical  steam  cylinder.  When  steam  is  admitted 
on  the  top  of  the  piston,  the  rods  and  tool  are 
raised,  but  as  soon  as  the  engineman  opens  the 
valve  which  lets  the  steam  escape,  the  rods  and 
tool  fall  by  their  own  weight,  and  the  rock  is  chipped  at  the 
bottom  of  the  hole.  Two  methods  have  been  employed  for  avoid- 
ing the  injurious  vibrations  of  the  rods  which  would  occur  if 
there  were  a  rigid  connection  between  them  and  the  tool.  One 
is  a  sliding  joint  similar  in  principle  to  that  of  Oeynhausen ; 
the  other  is  some  free-falling  arrangement,  such  as  the  catch 
actuated  by  a  disc,  which  has  already  been  described  (Fig.  121). 

The  rods  are  turned  in  the  usual  way  by  a  tiller,  and  they 
can  be  lowered,  as  the  hole  is  deepened,  by  a  screw  similar  to 
that  used  in  small  borings. 

The  mud  and  fragments  produced  in  boring  are  cleared  out 
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by  a  sludger ;  that  is  to  say,  a  hollow  sheet-iron  cylinder  provided 
with  semicircular  flap-valves  at  the  bottom.  The  sludger  is 
sometimes  worked  by  the  rods  and  sometimes  by  a  rope,  which 
passes  over  a  pulley  at  the  top  of  the  boring  tower,  and  is  coiled 
on  a  drum  set  in  motion  by  a  special  steam-engine. 

When  a  small  shaft  has  been  cut  out  in  this  way,  either  for 
part  or  the  whole  of  its  depth,  the  work  of  enlarging  may  com- 
mence. The  enlarging  tool  is  a  huge  composite  borer  (Fig.  314), 
with  twenty-eight  cutting  chisels,  weighing  16 J  tons;  in  the 

centre  it  has  a  projecting  loop  of  iron  a, 
which  fits  loosely  into  the  small  shaft,  and 
serves  as  a  guide.  The  chisels  are  arranged 
so  as  to  make  a  sloping  cut,  in  order  that 
the  sludge  and  chips  may  pass  down  easily 
into  the  inner  pit. 

In  some  cases  the  ordinary  sludger  is 
Employed  for  clearing  out  this  hole,  but 
arrangements  may  be  made  for  catching  the 
debris  in  a  special  bucket,  which  is  either 
placed  at  the  bottom  of  the  hole,  or  is  hung 
from  a  little  ledge  cut  for  the  purpose. 
When  it  is  supposed  that  it  is  full,  the 
boring  rods  are  lowered  and  the  bottom  one 
screwed  on  to  it.  This  operation  might 
appear  somewhat  difficult,  but  by  providing 
the  female  screw  at  the  end  of  the  bottom 
rod  with  a  funnel-shaped  bonnet,  it  is  guided 
into  its  proper  course  over  the  male  screw 
on  the  sludger  bucket,  and  the  necessary 
connection  is  easily  made. 

The  shaft  is  thus  sunk  to  the  required 
depth,  which  must  previously  have  been 
ascertained  by  a  small  borehole.  When 
therefore  it  is  known  that  a  bed  suit- 
able for  a  foundation  below  the  water- 
logged strata  has  been  reached,  a  seat  is  prepared  by  boring 
very  carefully  with  the  chisels  arranged  horizontally.  The 
seat  is  scraped  with  a  special  tool,  so  as  to  clear  off  any 
stones,  and  the  tubbing  can  now  be  lowered.  The 
scraping  claws  can  also  be  used  just  before  the  tubbing 
touches  the  bottom,  as  they  will  pass  through  the  central  equi- 
librium pipe  which  will  be  described  immediately.  The  tubbing 
is  made  of  rings  of  cast  iron  joined  by  bolts  through  their 
internal  flanges.  A  thin  strip  of  sheet  lead  is  put  in  the  joint 
so  as  to  make  it  stanch.  The  flanges  are  all  faced  in  a  lathe 
in  order  to  secure  not  only  a  water-tight  joint,  but  also  the 
perfect  verticality  of  the  whole  column.  At  the  very  bottom 
there  are  two  rings  with  flanges  turned  outwards,  and  the  upper 
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is  capable  of  eliding  down  over  the  lower.  The  space  between 
the  two  outer  flaages  is  filled  with  mosa,  which  is  further  kept 
in  place  by  a  net.  Lastly,  just  above  this  moss-box,  as  it  is 
called,  a  dish-like  bottom  is  bolted  on,  carrying  a  central  pipe 
which  can  be  lengthened  as  the  tubbing  descends.  The  pips  is 
called  the  equilibrium  tube. 

The  whole  arrangement  is  best  understood  from  Fig.  315.     B 
is  the  bottom  ring  carrying  the  moss  outside  it ;  A  is  the  ring 
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which  can  slide  down  over  it  telescopically ;  G  is  the  close 
bottom  of  the  column  of  tubbing,  H  the  equilibrium  tube, 
I  the  space  between  the  tubbing  and  the  sides  of  the  shaft. 
The  column  is  lowered  into  the  shaft  by  means  of  six  iron  rods, 
to  which  lengthening  pieces  are  added  as  required.  The  top 
part  of  each  suspending  rod  is  a  strong  screw,  13  feet  long, 
working  in  a  big  nut  on  a  frame  above  the  shaft.  The  screwed 
.  rod,  attached  by  a  swivel  to  the  rod  below,  can  be  turned  round 
by  a  little  winch.     After  a  new  ring  has  been  put  on,  men 
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at  these  six  little  winches  lower  the  column  slowly ;  but  the 
whole  weight  of  the  column  does  not  come  upon  the  screws. 
The  water-tight  bottom  G  causes  the  tubbing  to  displace  so  much 
water  in  the  shaft,  that  the  whole  column  could  be  made 
to  float  if  necessary.  Such  buoyancy  would  be  inconvenient ; 
and  it  is  desirable  that  the  column  should  be  made  heavy 
enough  to  sink  down  of  itself  when  the  screws  are  worked. 
The  necessary  excess  of  weight  is  obtained  by  tapping 
the  equilibrium  pipe,  and  allowing  a  certain  amount  of 
water  to  flow  into  the  annular  space  around  it.  The  column 
weighted  in  this  way  finally  arrives  at  the  bottom  of  the  pit,  and 
the  broad  flange  of  the  ring  B  rests  on  D  as  shown.  When  the 
lowering  is  continued,  the  ring  A  slides  down  over  B,  which  is 
stationary,  and  the  flange  G  compresses  the  moss  lying  in 
the  moss-box,  squeezes  it  outwards  against  the  sides  of  the 
shaft  and  makes  a  water-tight  joint  (Fig.  316). 

The  next  operation  is  filling  up  the  annular  space  outside 
the  tubbing  with  cement  or  concrete.  The  cement  used  in  cer- 
tain cases  was  a  mixture  of  hydraulic  lime  with  sand  and  trass. 
It  is  lowered  in  special  boxes  so  constructed  that  their  contents 
can  be  discharged  when  they  have  reached  any  required 
position.  After  ample  time  for  hardening  has  been  given,  the 
water  is  drawn  out  of  the  shaft  by  a  bucket;  the  dish-like 
bottom  is  now  taken  off,  and  the  joint  made  by  the  moss-box 
can  be  examined.  Even  when  this  joint  seems  perfectly  good, 
it  is  thought  desirable  by  some  to  take  the  additional  precaution 
of  putting  in  a  wedging  curb  in  the  ordinary  way  a  little  below 
the  moss-box  (Figs.  316  and  317);  a  few  rings  of  ordinary 
segmental  tubbing  are  then  built  up  in  the  interval.  A  careful 
joint  is  made,  and  the  shaft  is  looked  upon  as  permanently  secure. 

The  advantages  of  the  Kind-Ghaudron  process,  which  are 
enumerated  at  length  in  Sir  Warington  Smyth's  paper, read  before 
the  North  of  England  Institute  of  Mining  Engineers  in  187 1, 
may  be  briefly  summed  up  as  follows :  safety,  economy,  and  speed. 

During  recent  years  several  modifications  of  the  original 
Kind-Ghaudron  process  have  been  introduced  with  success.  At 
Gneisenau,  near  Dortmund,  all  tubbing  above  the  level  of 
the  water-bearing  measures  was  discarded.  A  column  of 
tubbing,  closed  at  the  top  as  well  as  at  the  bottom,  and 
somewhat  longer  than  the  height  of  the  watery  strata,  was 
lowered  into  the  shaft ;  and  in  order  to  overcome  its  buoyancy  a 
suflicient  amount  of  water  was  let  into  it  by  a  valve,  worked  by 
a  rod  reaching  to  the  surface.  When  the  moss-box  had  been 
compressed  by  the  descent  of  the  column,  cement  was  lowered 
into  the  annular  space,  along  special  guide-ropes  extending 
from  the  bottom  ring  but  one  of  the  tubbing  to  the  top  of 
the  pit.  This  plan  enabled  the  boxes  to  be  sent  down  and 
drawn  up  more  speedily  than  would  have  been  the  case  if 
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they  had  been  loose.  After  allowing  sufficient  time  for  the 
complete  hardening  of  the  cement,  the  water  was  drawn  out 
of  the  pit,  and  a  regular  wedging  curb  was  put  in  above  the 
column  of  tubbing  and  its  protecting  jacket  of  cement. 

This  method  of  doing  the  work  saved  190  yards  (174  m.)  of 
tubbing  at  the  top  of  the  pit,  and  the  gain  in  money  was 
estimated  at  ;^75oo. 

At  the  present  time  the  moss-box  seems  to  be  losing  much  of 
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Af  Green  clayey  marl,  very  plastic  and  impermeable  {Diivet 
verUa).  B,  Small  boring.  C,  First  ring  of  tubbinfif,  with  strong 
shoe,  weighing  12  tons.  D,  Second  ring  of  tubbinfi^.  E,  Ring 
bolted  to  a  flange  of  D.  F,  False  bottom  bolted  to  E.  G,  Man- 
hole cover.  H,  Concrete.  The  rings  of  tubbing  are  joined  to 
each  other  by  sixty  bolts,  and  the  upper  and  lower  flanges  are 
strengthened  by  brackets  midway  between  the  holes.  These 
brackets  have  been  omitted  in  the  figure  for  the  sake  of  clearness. 

the  prestige  which  it  formerly  possessed,  and  French  engineers 
are  content  to  rely  solely  upon  careful  cementing  for  a  water- 
tight joint  at  the  bottom  of  the  tubbing.  A  shaft  was  success- 
fully sunk  a  few  years  ago  by  the  "  Compagnie  de  TEscarpelle  " 
in  the  North  of  France  without  using  either  moss-box,  equilibrium 
tube,  or  the  subsequent  wedging  curb  and  false  tubbing ;  and 
the  Li^vin  Company  in  the  same  colliery  district,  when  sinking 
two  shafts  in  1891-92,  likewise  decided  to  dispense  with  all  the 
contrivances  peculiar  to   the   Kind-Chaudron   method.      The 
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process  of  sinking  was  very  much  simplified.  They  bored 
the  shaft  in  two  operations  :  a  first  pit  2  metres  (6  ft.  6  in.)  in 
diameter  was  carried  down  some  ten  or  twelve  metres  beyond 
the  actual  depth  required,  and  it  was  then  enlarged  by  a  second 
tool,  4*9om.  wide,  to  the  full  diameter  of  about  5m.  (i6ft.  5in.). 
This  plan  obviated  all  difficulty  due  to  a  tooth  dropping  from 
the  large  borer;  it  had  simply  to  be  scraped  into  the  small 
shaft  and  was  left  at  the  bottom  until  the  completion  of  the 
tubbing.  In  the  Kind-Chaudron  process  of  boring  the  small 
and  the  large  shaft  alternately,  it  would  have  been  necessary  to 
fish  up  the  tool  before  the  smaller  shaft  could  have  been  sunk 
any  farther.  On  reaching  the  required  depth  the  teeth  of  the 
large  borer  were  fixed  so  as  to  cut  a  horizontal  seat,  which 
was  then  scraped  clean  with  an  3~l^o  ^^ool  for  the  reception 
of  the  tubbing.  The  bottom  ring  was  made  with  a  shoe 
(Fig.  318),  and  was  calculated  to  leave  an  annular  space  14 
inches  (35  cm.)  wide  for  cement,  and  the  huge  column  with  its 
water-tight  base  was  built  up  and  lowered  without  any  equili- 
brium tube.  It  floated  like  an  enormous  boat,  and  was  weighted 
with  water  so  as  to  sink  as  required.  After  it  had  been 
very  carefully  brought  into  the  centre  of  the  pit,  the  concrete 
was  lowered  in  specially  contrived  boxes  which  deposited  it 
automatically  on  reaching  the  bottom.  The  successful  result 
of  these  sinkings  has  justified  the  procedure  of  the  Li^vin 
engineers  ;  they  are  of  opinion  that,  in  any  futiu*e  sinking,  time 
might  be  saved  by  doing  the  boring  in  three  operations  instead 
of  two. 

CompreBsed  Air  Method. — Sinking  by  the  aid  of  compressed 
air  came  into  notice  after  a  successful  application  of  this  method 
by  M.  Triger  in  France  in  1 839.  In  this  method  a  cylinder  of 
cast-iron,  made  up  by  adding  ring  after  ring  at  the  surface,  like 
a  column  of  Chaudron's  tubbing,  is  caused  to  sink  gradually  by 
the  earth  in  the  bottom  being  worked  away ;  and  in  order 
to  prevent  the  water  in  the  surrounding  beds  from  coming  in, 
air  under  pressure  is  led  into  a  chamber  at  the  bottom  of 
the  cylinder,  which  is  shut  off  by  a  horizontal  partition  or 
diaphragm.  Above  this  working  chamber  there  is  an  "  air-lock," 
that  is  to  say,  a  closed  space  in  the  cylinder,  with  trap  doors 
above  and  below.  The  two  doors  are  never  open  at  the  same 
time.  A  man  going  down  to  his  work  passes  into  the  middle 
chamber  by  the  trap  door,  which  is  then  closed  ;  the  lower 
trap  door  is  now  opened,  and  the  man  can  descend  into  the 
working  chamber.  When  he  goes  up,  or  when  the  bucket 
has  to  be  drawn  out,  there  is  always  this  break  of  the  journey,  in 
order  to  prevent  the  working  chamber  from  communicating 
directly  with  the  atmosphere.  Sinkings  by  this  process  have 
been  made  since  Triger' s  time  in  various  places,  among  others  at 
Bettisfield  colliery  in  North  Wales,  though  in  this  case  the 


SUPPORTING  EXCAVATIONS.    ,  395 

arrangements  were  not  exactly  the  same  as  those  originalty 
employed  in  France. 

There  are  two  great  disadvantages  coupled  with  this  method  : 

(t)  The  impossibility  of  going  to  a  depth  much  exceeding  100 
feet,  because,  speaking  generally,  a  pressure  of  45  lbs.  per  square 
loch,  or  throe  atmospheres  above  the  normal  pressure  of  the 
atmosphere,  is  about  as  much  as  men  can  stand. 

(z)  The  fact  that  the  health  of  the  men  has  been  found  to 
suffer  from  such  an  atmosphere.  In  all  cases  it  appears  advisable 
to  avoid  the  sudden  changes  of  pressure,  and  therefore  invariably 
to  make  a  little  stay  in  the  air-lock  before  going  up  or  down. 

Freessm^  Method. — The  solidification  of  watery  strata  by  cold 
may  be  effected  naturally  or  artificially.     In  Siberia,  when  sink- 

FIG.  319. 
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ing  shallow  exploratory  pita  through  watery  strata  in  search  of 
auriferous  alluvia,  advantage  is  taken  by  prospecting  parties  of 
the  severe  cold  to  let  Nature  form  protecting  walls  of  frozen 
ground. 

In  Western  Siberia  the  process  is  as  follows  :  Towards  the  end 
of  the  summer,  square  pits  about  6  or  7  feet  on  the  side  are  sunk 
as  deep  as  possible  without  penetrating  into  the  watery  beds. 
The  men  then  prepare  log-huts,  as  dwellings  for  the  winter,  and 
lay  in  good  stocks  of  firewood.  After  the  first  frost  the  snow  is 
cleared  out  of  the  pits,  and  also  from  off  the  ground  for  a  space 
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several  yards  in  diameter  round  the  tops,  in  order  to  let  the  cold 
penela^te  more  freely.  As  soon  as  the  ground  is  thoroughly 
froEen,  the  linking  is  begun  by  a  kind  of  fire-setting.  Billets  of 
wood  are  Uid  crosswise  oa  the  bottom  of  the  pit  and  lighted. 
The  fire  thaws  the  ground  for  a  short  distance,  and  the  workmen 
have  to  be  careful  that  the  beat  does  not  penetrate  too  far,  and 
so  let  in  the  water  from  the  unfrozen  sti^ta  a  short  distance 
below  I,  I,  representing  the  junction  of  the  frozen  with  the 
unfrozen  ground  (Fig.  319). 
The  workmen  with  pick  and  shovel  remove  the  softened  portion 
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(a),  and  so  deepen  the  shaft  by  some  4  to  6  inches.  It  is  then 
left  for  two  or  three  days  to  freeze  again,  when  the  junction 
between  frozen  and  unfroien  ground  is  carried  to  2,  2  ;  a  second 
fire  softens  the  part  {!/)  which  is  removed,  and  then  another 
exposure  to  the  frost  for  two  or  three  days  makes  the  ground 
solid  to  3,  3,  when  the  part  (c)  can  be  softened  and  taken  out. 

The  alternate  processes  of  freezing  and  thawing  are  repeated 
every  three  or  four  days,  and  each  time  the  shaft  is  deepened 
from  4  to  8  inches.  Aa  the  auriferous  bed  is  approached, 
samples  are  washed  from  time  to  time  to  see  whether  there  is 
any  gold,  and  when  the  tttratum  containing  the  precious  metal 
is  reached  (Fig.  320),  all  the  earth  is  carefully  washed  and  the 
amount  of  gold  noted.     Judging  by  results  of  similar  under- 
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takings  in  the  district,  it  is  possible  to  say  whether  or  not  it  will 
pay  to  work  the  alluvium.  In  both  figures,  A  represents  the 
bed  rock,  B  the  stratum  of  gold-bearing  gravel,  C  overlying 
gravel  containing  little  or  no  gold,  D  timbering  at  the  top.  The 
hatching  denotes  ground  that  is  frozen.  The  shafts  are  sunk  to 
a  depth  of  16  to  26  feet. 

In  Eastern  Siberia  the  conditions  are  more  favourable  for 
this  kind  of  work,  as  the  winter  is  longer,  and  therefore  the 
shafts  can  be  sunk  deeper.  But  the  principal  advantage  is  that, 
as  much  of  the  ground  is  eternally  frozen,  the  thawing  can  be 
carried  on  continuously,  and  less  care  is  necessary,  save  when  the 
underlying  unfrozen  strata  are  reached.  These  have  to  be 
treated  by  alternate  freezing  and  thawing  as  in  Western  Siberia. 
As  a  rule,  the  alluvium  is  frozen  down  to  the  bed  rock.  Ex- 
ploratory pits  are  sunk  in  Eastern  Siberia  to  a  depth  of  85  feet 
(26  m.)  in  this  way.  This  method  was,  no  doubt,  introduced  into 
Alaska  during  the  Russian  occupation ;  thence  it  has  spread  to 
Ellondyke  and  the  Yukon. 

Shafts  are  even  put  down  in  shallow  rivers  to  see  whether 
their  beds  are  gold-bearing.  In  autumn,  when  the  water  is 
shallow,  a  set  of  frames,  like  shaft  frames,  6  or  7  feet  square,  is 
lowered  till  it  touches  the  bottom,  whilst  the  top  is  above  the 
level  of  the  stream.  It  is  filled  up  with  stones,  and  loose  stones 
are  placed  around  it.  When  winter  sets  in,  the  river  freezes, 
and  the  contents  of  the  box  gradually  become  hard.  A  first 
layer  of  stones  is  then  worked  out  with  the  pick,  and  the  frost 
allowed  to  penetrate  downwards.  Another  layer  of  stones  is 
taken  out,  and  again  there  is  an  interval  for  freezing.  By 
repeating  this  process  the  contents  of  the  box  are  removed  little 
by  little,  and  at  last  the  river  bed  is  reached  and  allowed  to 
become  hard  and  solid  from  the  cold,  whilst  at  the  same  time  the 
water  in  the  interstices  between  the  outer  stones  has  been  con- 
gealed, and  has  formed  strong  protecting  walls  of  icy  conglome- 
rate.    Further  sinking  is  now  carried  on  as  in  Western  Siberia. 

In  some  cases  the  wooden  box  is  dispensed  with,  and  when  the 
river  is  covered  with  a  thick  coat  of  ice,  the  prospector  cuts  out 
a  space  a  few  inches  deep  of  the  size  of  the  shaft.  The  removal 
of  a  part  of  the  ice  at  the  top  allows  the  cold  to  be  felt  further 
down,  and  the  ice  becomes  thicker  underneath.  Another  slice 
is  taken  off  the  top  and  again  the  cold  penetrates  further,  and  in 
proportion  as  the  top  is  removed  the  bottom  receives  coat  after 
coat  of  new  ice.  By  successive  thickenings  the  ice  finally  reaches 
the  river  bed,  and  the  prospector  can  then  proceed  by  the  West 
Siberian  method. 

Poetsch's  artificial  freezing  process,  which  was  first  used  in 
1883,  consists  in  causing  a  very  cold  liquid  to  circulate  in  pipes 
through  the  ground,  and  so  convert  it  into  a  solid  mass,  in  which 
an  excavation  can  be  made  without  timber  or  other  supports. 
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While  the  grouod  is  kept  frozeo  some  form  of  water-tight  lining 

is  put  in,  sufficiently  stanch  to  keep  out  the  vater  when  the 

cold-producing  appliances  are  removed. 

Poetsch  employs  a  Carr^  machine  for  generating  cold.  Anhy- 
drous ammonia  gas  is  liquefied  by 
compression  in  suitable  pumps,  and 
the  liquid  which  leaves  at  a  tempera- 
ture of  103°  F.  (38°  C.)  is  cooled  by 
passing  it  through  pipes  surrounded 
by  cold  water.  The  cold  liquid 
ammonia  is  then  made  to  flow  into  a 
long  series  of  pipes,  placed  in  a  large 
wooden  tank  containing  a  40  per  cent. 
solution  of  chloride  of  calcium,  the 
freesing  point  of  which  approaches 
-  40°  P.  (-40°  C).  The  liquid 
ammonia  expands  into  gas  in  these 
pipes,  and  extracts  heat  from  the 
solution  surrounding  them  to  such 
an  extent  that  the  temperature  of 
the  contents  of  the  tank  is  brought 
down  to  8'  or  9°  F,  (-  ij'C,  or  even 
lower).  The  ammonia  gas  is  returned 
to  the  compressor  to  be  again  liquefied 
and  utilised  for  the  production   of 

I  cold. 

The  refrigerating  solution  of  chlo- 
ride of  calcium  is  pumped  from  the 
tanks  into  a  main,  which  leads  it  to 
a  series  of  pipes,  placed  in  boreholes 
arranged  in  a  circle  around  the  site 
of  the  proposed  shaft  The  pipes  are 
double,  that  is  to  eay,  there  is  an 
inner  small  pipe  ij  or  2  inches  in 
diameter  for  the  downward  journey 
of  the  cold  solution,  and  an  outer 
one  4^  to  7  inches  in  diameter,  care- 
fully closed  at  the  bottom,  by  which 
the  solution  ascends  and  does  its  cool- 
ing work  on  the  way.  When  it 
reaches  the  surface  it  returns  to  the 
cooling  tank,  and  is  again  refri- 
gerated. The  process  is,  therefore, 
continuous,    the    ammonia    and   the 

chloride  being  used  over  and  over  again.     The  nature  of  the 

freezing-tube  will  be  evident  from  Fig.  321. 

The  conditions  of  success  of  this  method  appear  to  have  been 

well  considered  and  applied  at  the  sinking  of  two  shafts  by  the 
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Anzin  Company  in  1894  at  Vicq,  in  the  north  of  France,  where 
91  m.  (100  yards)  of  very  watery  strata,  of  which  the  first  28  m. 
(3 1  yards)  were  very  running,  had  to  be  traversed.  The  larger, 
or  No.  I  pit,  has  a  useful  diameter  of  5  m.  (16  feet  5  inches), 
while  No.  2  pit  is  3*65  m.  (12  feet)  in  diameter.  Twenty  holes 
were  bored  to  a  depth  of  92  m.  on  a  circle  of  6*50  m.  (21  feet  4 
inches)  diameter  round  No.  i  pit,  and  sixteen  others  on  a  circle 
of  5*10  m.  (16  feet  9  inches)  diameter  surrounded  the  site  of  the 
smaller  shaft.  In  these  holes  were  placed  the  freezing  tubes 
(Fig.  321).  The  outer  pipe  was  116  mm.  (4*6  inches)  in  diameter 
internally,  and  made  of  mild  steel  7  mm.  (0*26  inch)  thick. 
The  corresponding  numbers  for  the  inner  pipe  were  30  mm.  (1*2 
inch)  and  4  mm.  (o'i6  inch).  The  ends  of  the  outer  tubes  were 
threaded  on  the  inside  and  joined  together  by  an  internal 
screwed  sleeve,  the  joint  being  made  tight  by  the  insertion  of  a 
tarred  cord,  coated  with  a  putty  of  white  and  red  lead,  into  a 
triangular  cavity,  before  screwing  up.  The  joint  of  the  inner 
tubes  was  made  by  an  external  sleeve.  The  bottom  of  the  outer 
pipe  was  closed  by  a  hemispherical  shoe  which  carried  a  guide 
for  the  inner  pipe.  Sleeves  with  similar  guides  for  the  inner 
tubes  were  used  to  make  joints  at  intervals  of  30  m.  The  figure 
also  shows  the  manner  in  which  the  tubes  were  connected  with 
the  collecting  and  distributing  ring-pipes.  On  a  ring  of  8*50  m. 
(27  feet  10  inches)  diameter  for  No.  i  pit  and  7*10  m.  (23  feet 
3^  inches)  for  No.  2  pit,  steel  tubes,  2  m.  (6  feet  6  inches)  long 
and  5  cm.  (2  inches)  in  diameter,  closed  and  pointed  at  their 
lower  ends,  were  sunk  in  the  ground  opposite  each  freezing  tube. 
These  short  tubes  were  filled  with  a  strong  solution  of  calcium 
chloride,  and  each  received  a  small  alcohol  thermometer.  These 
thermometers  were  intended  to  disclose  any  irregularity  in  the 
distribution  of  the  cold,  and  the  cocks  above  the  ring-pipes  could 
then  be  turned  so  as  to  regulate  the  supply  of  refrigerating 
solution  to  the  pipes,  and  so  obtain  a  frozen  wall  of  uniform 
section.  In  addition  to  these  thirty- six  thermometers,  fourteen 
others  were  similarly  placed  0*33  m.  (i  foot  i  inch)  apart  on  a 
radius  produced  of  No.  i  pit  which  allowed  the  thickening  of  the 
frozen  wall  to  be  watched. 

The  preliminary  borings  were  executed  in  four  montha  The 
freezing  process  proper  began  on  May  28,  and  the  No.  2  pit  was 
started  on  July  2,  after  35  days'  freezing,  and  was  sunk  and 
tubbed  to  a  depth  of  93*3  m.  (102  yards)  by  October  23.  No.  i 
sinking  began  on  July  16,  after  49  days'  freezing,  and  was 
tubbed  to  the  same  depth  by  November  5. 

Care  should  be  taken  to  ensure  the  verticality  of  the  bore- 
holes. The  distance  between  the  holes  should  vary  with  their 
depth ;  thus  for  a  depth  of  100  m.  (109  yards)  it  may  be  1*20  m. 
(4  feet),  while  from  100  m.-200  m.  it  should  not  exceed  i  m. ; 
they  should  be  placed  round  the  circumference  of  a  circle  whose 
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radius  is  0*6  m.  (2  feet)  greater  than  that  of  the  pit  itself.  The 
practice  formerly  advocated  of  putting  the  freezing-tubes  within 
the  area  to  be  excavated  has  proved  unnecessary  and  disadvan- 
tageous ;  their  presence  is  inconvenient,  the  sinkers  suffer  from 
the  undue  proximity  of  the  source  of  cold,  and  freezing  takes 
place  towards  the  centre  of  the  pit  where  it  is  generally  un- 
necessary and  only  lessens  the  speed  and  increases  the  cost  of 
sinking.  Great  speed  can  be  obtained  by  beginning  to  sink  as 
soon  as  the  thermometers  indicate  that  the  frozen  wall  is  com- 
plete ;  for  the  centre  of  the  pit  is  then  still  soft,  and  the  shovel, 
pick,  &c.,  can  be  readily  used. 

In  this  process  there  is  a  risk  of  failure,  or  at  all  events  of 
trouble,  if  there  is  any  escape  of  the  freezing  solution  from  the 
pipes,  because  the  ground  impregnated  with  it  would  be  uncon- 
gealable.  Gobert  proposes  to  overcome  this  difficulty,  and  at  the 
same  time  to  make  the  method  more  economical,  by  sending 
down  anhydrous,  or  all  but  anhydrous,  ammonia,  and  allowing 
it  to  vaporise  in  the  tubes,  instead  of  circulating  a  refrigerating 
solution.  Intense  cold  is  thus  produced  at  the  very  point  where 
it  is  required,  and  the  ground  is  frozen.  The  ammonia  gas  is 
drawn  out  by  a  pump,  and  after  having  been  reliquefied  by 
pressure  is  used  over  again.  Gobert  claims  for  this  process  that 
both  the  original  outlay  for  plant,  and  the  subsequent  running 
expenses,  are  considerably  reduced.  He  has  also  been  led  by 
his  experience  to  introduce  improvements  in  the  joints  of  the 
freezing  pipes,  with  the  object  of  ensuring  absolute  freedom 
from  leakage,  and  of  making  the  line  of  pipes  quite  flush  out- 
side, so  as  to  facilitate  their  withdrawal  at  the  end  of  the  sinking. 

The  freezing  process  was  adopted  in  sinking  a  shaft  at  the 
D'Aubou^  iron  mine,  Meurthe-et-Moselle,  in  1900.  The  first 
portion  (34  feet)  was  excavated  and  lined  with  masonry.  Then 
20  boreholes,  460  feet  deep,  were  put  down  around  the  shaft 
in  a  circle  21  feet  in  diameter.  The  finished  shaft  has  a 
diameter  of  16  feet  6  inches,  and  care  had  consequently  to  be 
taken  to  ensure  the  verticality  of  the  boreholes.  The  freezing 
was  done  by  circulating  chloride  of  calcium  solution  cooled  by 
two  ammonia  freezing  machines  of  a  capacity  of  one  ton  of  ice 
per  hour.  After  100  days  of  freezing,  the  sinking  of  the  shaft 
was  resumed,  and  it  was  found  that  the  soil  was  frozen  almost 
to  the  centre  of  the  shaft.  The  sinking  of  the  shaft  through 
the  frozen  soil,  416  feet,  lasted  364  days,  of  which  53  days  were 
lost  owing  to  influx  of  water,  47  days  were  occupied  in  in- 
stalling the  cast  iron  tubbing,  and  48  days  in  building  the 
masonry  lining  in  the  bottom  section  of  the  shaft. 

The  freezing  process  was  successfully  adopted  in  sinking 
shafts  at  the  Chapin  iron  mine,  United  States  (1889-90),  at 
the  Ronnenberg  potash  mines,  Germany  (i  899-1 901),  at  the 
Leopoldshall  salt  mines,  Germany  (1899-1901)  at  the    Wes- 
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teregeln  potash  mines,  Germany  (1900),  and  at  a  number  of 
collieries. 

It  has  been  proposed  to  inject  powdered  cement,  by  means  of 
compressed  air  or  steam,  into  watery  strata,  and  so  consolidate 
them  sufficiently  to  render  the  sinking  of  a  shaft  a  matter  of 
no  great  difficulty. 

The  Haaae  Process. — ^This  method  of  sinking  through  quick- 
sands consists  in  forcing  down  a  set  of  wrought  iron  tubes 
around  a  circular  or  rectangular  area  destined  for  the  shaft. 
The  narrow  interspaces  between  the  tubes  are  closed  by  angle- 
iron  and  T-iron  riveted  on  longitudinally,  which  form  a  joint 
permitting  vertical  motion  and  stanch  enough  for  the  work  in 
question.  Water  forced  down  a  hollow  boring  rod  in  the  middle 
of  each  tube  loosens  the  sand  and  carries  it  up  to  the  surface. 
The  tube  can  then  be  driven  down  by  a*sorew-jack  or  an 
hydraulic  press.  The  tubes  are  carefully  guided  in  order  to 
ensure  a  strictly  vertical  path ;  and  as  soon  as  they  have  been 
forced  down  into  hard  or  comparatively  hard  rock,  the  quick- 
sand can  be  excavated,  for  the  iron  lining  prevents  any  influx 
from  the  outside. 

Instead  of  iron  tubes,  Haeuser  employs  sheets  of  corrugated 
iron,  with  tongues  riveted  on  so  that  the  bottom  of  each  sheet 
is  held  by  the  top  of  the  one  below.  Like  the  Haase  tubes,  the 
sheets  are  forced  down  with  a  strong  screw-jack.  Another  plan 
adopted  by  Haeuser  consists  in  making  the  projecting  shield  of 
pieces  of  flat  iron  6  inches  wide ;  each  "  lath,"  if  it  may  be  so 
called,  is  connected  to  its  neighbour  by  a  longitudinal  groove 
formed  by  riveting  on  two  strips  of  iron. 
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CHAPTER   VI. 

EXPLOITATION. 

Lcation  of  MethodB  of  Working. — The  methods  of 
working  mineral  deposits  may  be  naturally  arranged  into  two 
great  classes — viz. ,  open  workHj  in  which  the  excavation  is  open 
to  the  sky ;  and  underground  works,  in  which  the  miners  perform 
their  labour  in  chambers  or  passages  under  a  cover  of  rock  or 
earth,  and  in  which  they  usually  need  artificial  light.  But 
there  are  in  addition  two  other  classes  of  workings,  used  in 
comparatively  exceptional  cases,  which  require  a  place  in  any 
complete  classification.  Gold-bearing  gravel  and  phosphates 
are  occasionally  dredged  up  from  river -bottoms;  and  liquid, 
gaseous,  or  soluble  minerals  can  be  got  by  wells  or  boreholes. 
Consequently  it  is  necessary  to  subdivide  the  subject  into  five 
heads : — 

I.  Open  works  of  all  kinds,  including  hydraulic  mining. 
II.  Excavation  of  minerals  under  water. 

III.  Extraction  of  minerals  by  wells  or  boreholes. 

IV.  Mixed  open  and  underground  works. 
V.  Underground  workings. 

I.  OPEN  WORKS. — Some  minerals  are  always  obtained  in 
this  way ;  others  are  worked  open  before  regular  underground 
mining  begins ;  and,  thirdly,  it  often  happens  that  underground 
and  surface  workings  are  both  being  carried  on  simultaneously 
in  adjacent  parts  of  the  same  mine.  Among  the  minerals 
worked  open-cast  are  the  ores  of  copper,  gold,  iron,  lead,  and 
tin,  to  say  nothing  of  all  sorts  of  stone. 

The  advantages  of  open  works  may  be  summed  up  as  follows : — 

(a)  Complete  removal  of  the  mineral  without  any  loss  in  the  form  of 

pUlars. 

(b)  No  ezpenae  or  trouble  as  regards  ventilation,  men  always  working 

in  good  air ;  no  danger  of  explosions. 

(c)  No  expense  for  lighting,  unless  work  is  carried  on  at  night. 
{d)  No  expense  for  timbering. 

(f)  Possibility  of  laying  out  the  work  in  larger  steps  or  stopes  than 

can  usually  be* done  in  underground  working  places. 
(/)  Easier  supervision. 

On  the  other  hand,  there  is  usually  the  immense  disadvantage 

of  it  being  necessary  to  remove  a  great  deal  of  waste  rock  cover- 

ing  the  deposit,  technically  known  as  overlmrden.     Work  too 

303 


304  ORE  AND  STONE  MINING. 

may  be  stopped  by  bad  weather,  such  as  heavy  rain  or  snow ; 
open  quarrying  may  spoil  land  or  interfere  with  roads  or  canals, 
so  that  the  benefits  do  not  all  lie  with  the  open  works.  The 
cryolite  of  Greenland  is  worked  opencast  from  April  to 
December,  and  during  the  rest  of  the  year  the  miners  are 
employed  below-ground. 

One  of  the  simplest  cases  of  working  away  a  mineral  is  that  of 
borax  in  California.  The  efflorescence  has  merely  to  be  swept 
into  wind-rows  and  carted  away  to  the  refining  works. 

The  beds  of  nitrate  of  soda  in  Chili  are  worked  by  large  blasts 
as  shown  in  Fig.  54.  A  small  shaft  is  sunk  a  little  below  the 
bottom  of  the  "  caliche "  and  enlarged  in  order  to  receive  a 
charge  of  slow-burning  powder  made  on  the  works.  The  ex- 
plosion loosens  and  breaks  up  the  ground  over  an  area  about 
twenty  yards  in  diameter.  The  hard  overlying  stratum  of 
"  costra ''  is  then  easily  removed,  and  the  "  caliche  "  is  broken 
up  into  lumps,  which  are  taken  to  the  lixiviating  and  crystallis- 
ing works. 

Generally  the  first  process  in  an  open  working  is  the  removal 
of  the  overburden,  and  the  manner  in  which  this  is  done  depends 
upon  the  nature  of  the  ground. 

An  example  may  be  taken  from  Northamptonshire,  where 
large  quantities  of  iron  ore  are  obtained  from  beds  of  Jurassic 
age.  Similar  beds  are  also  worked  in  the  counties  of  Lincoln 
and  Oxford. 

The  actual  bed  of  ore  at  Cranford  in  Northamptonshire  is 
from  8  to  1 2  feet  thick,  and  the  amount  of  overburden  taken  off 
is  sometimes  as  much  as  20  feet;  when  this  thickness  is  ex- 
ceeded the  ore  can  no  longer  be  worked  with  profit. 

The  soil  or  '*  meat  earth,"  which  is  from  8  inches  to  2  feet 
deep,  is  put  aside  carefully,  for  it  has  to  be  restored  to  make  the 
surface  good  and  available  for  tillage.  The  remainder  of  the 
overburden  is  cut  away  in  one  or  more  steps  or  '^stopes,"  for 
the  convenience  and  safety  of  the  workmen,  the  base  of  any 
step  being  usually  about  equal  to  its  height.  The  accompanying 
sketch  (Fig.  322)  represents  a  pit  at  Kettering  in  Northampton- 
shire, in  1889,  where  15  feet  of  overburden  was  being  removed 
from  a  1 2  feet  bed  of  ironstone.  The  soil  having  been  cleared 
off  with  the  shovel,  the  men  undercut  the  first  stratum  with  a 
double-pointed  pick  at  a,  and  then  drive  down  a  crowbar  at  b, 
and  another  at  a  little  distance  from  it.  By  working  the  bars 
backwards  and  forwards  they  cause  a  big  block  to  break  off 
along  the  dotted  line.  This  crumbles  in  its  fall,  is  shovelled 
into  barrows,  wheeled  across  the  planks,  and  tipped  on  to  the 
bank.  After  the  top  has  been  cleared  away  for  a  few  feet,  the 
next  bed  is  treated  in  the  same  way,  and  then  the  third,  until 
the  ironstone  is  reached,  and  laid  quite  bara  The  ore  can 
usually  be  easily  broken  with  the  pick  and  at  once  loaded  into 
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small  waggons,  holding  about  a  ton  each.     Occasionally  a  shot 
is  fired,  in  order  to  loosen  parts  that  are  hard.     The  loading  is 
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done  with  an  eight-pronged  fork,  so  as  to  separate  the  fine  ore 
which  the  smelters  refuse  to  take.  If  there  is  much  fine,  the 
ore  is  sifted ;   one  man  stands  over  a  wheelbarrow  holding  a 
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round  sieve,  with  a  half-inch  mesh,  and  another  shovels  the  ore 
to  him.  The  fine  drops  into  the  barrow  and  can  be  wheeled 
away,  while  the  coarse  is  thrown  into  the  waggon.  The  men 
working  on  the  overburden  are  paid  per  cubic  yard,  and  those 
excavating  ore  are  paid  per  ton  of  ore  placed  in  the  trucks. 

The  working  faces  are  long,  in  order  that  a  large  number  of 
men  may  be  employed  at  one  time.  As  surface  rent  must  be 
paid  whilst  the  ground  is  useless,  the  soil  is  put  back  with  the 
least  possible  delay,  and  tillage  then  goes  on  once  more  upon 
fields  which  have  been  lowered  several  feet.  In  the  figure  a 
small  waggon  is  shown,  but  in  some  of  the  pits  a  full-sized  rail- 
way waggon  is  brought  into  the  cutting  and  loaded  directly 
with  8  or  lo  tons  of  ironstona     When  a  slice  lo  or  12  feet 


Fig.  323. 
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wide  has  been  removed  all  along  the  face,  the  rails  are  shifted 
and  a  fresh  cut  taken. 

The  workings  start,  for  instance,  from  some  convenient  point, 
C  (Fig.  323),  connected  to  a  main  railway  or  wharf  at  X,  and 
the  first  line  of  workings  is  supposed  to  be  shown  by  CD, 
reaching  to  the  boundary  of  the  property  AB.  The  successive 
positions  of  the  working  faces  take  such  lines  as  CE,  OF,  &c., 
radiating  out  from  0  as  a  centre,  and  all  the  ground  ODK  may 
have  been  given  back  to  the  farmer  before  the  working  face 
has  assumed  the  position  OF. 

In  hard  rocks  the  stops  may  be  made  very  much  higher. 
Thus,  at  the  great  Penrhyn  slate  quarry,  near  Bangor,  in  North 
Wales,  the  valuable  slate  and  the  valueless  overburden  are  both 
taken  away  by  a  series  of  torraces  on  an  average  60  feet  high 
by  30  feet  wide,  as  shown  in  Fig.  324.  At  the  Tharsis  copper 
mine,  Spain,  each  step,  or  stope,  is  about  33  feet  high. 

The  great  open-cast  at  Rio  Tinto  (Fig.  325)  is  a  huge  open  pit 
from  which  the  ore  is  got  by  a  succession  of  stopes,  benches,  or 
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terraces,  33  feet  to  50  feet  Iiigh.     The  pit  is  oval  in  shape,  and 
650  yards  (600  m.)  in  length  on  the  top  of  the  ore. 

The  open-cast  at  the  Mecbemich  lead  mine  is  also  worked  in 


A,  CDpreonH  pTritee;  B,  slate;  C,  porphyry. 

a  similar  manner.  The  Government  regulations  make  it  neces- 
sary that  the  base  of  each  step  shall  be  at  least  10  feet  wide,  so 
that  staff  may  not  roll  down  from  one  floor  on  to  the  men 


working  below.  The  actual  width  is  very  much  more,  being 
usually  36  feet  (8  m.),  whilst  the  height  is  33  feet  (10  m.). 
Other  examples  are  afforded  by  the  workings  for  iron  ore  at 
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Eiseners  in  Styria,  and  at  Niscbue-TagilBk  and  the  Blagodat  in 
the  Ural.  In  the  first  case  there  are  forty  terraces  each  33  feet 
high. 

When  the  rock  is  fitm  enough  to  stand  for  a  great  height,  it 
in  sometimes  found  convenient  to  take  it  down  in  one  vertical 
slice  without  making  a  series  of  steps.  The  general  appearance 
of  Mulberry  mine,  near  Bodmin  in  Cornwall,  which  was  worked 
in  this  manner,  will  be  understood  by  a  reference  to  Fig.  336. 
Men  standing  at  A  bore  and  blast  holes,  which  throw  the  rock 

Fio.  327. 
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ABO,  OntlinB  of  the  face  ot  the  qoarrr  before  the  bUst ; 
AB'C,  outline  afier  tb«  blMt. 

to  B,  under  which  a  level  has  been  driven  with  an  opening  C, 
usually  closed  by  a  covering  of  timber.  A  waggon  is  run  in 
under  this  opening  and  is  easily  filled. 

Another  method  is  that  of  firing  a  very  large  blast,  which 
brings  down  thousands  of  tons  of  rock  at  a  time.  It  is  prepared 
by  driving  in  a  tunnel  at  right  angles  to  the  face  of  the  quarry 
and  making  one  ur  more  chambers,  which  are  charged  with 
gunpowder  or  some  other  explosive ;  the  tunnel  is  tamped  up 
like  a  gigantic  shothole,  and  the  charge  is  fired  by  a  fuse  or  by 
electricity. 

As  an  example  of  a  blast  of  this  kind  some  workings  for 
building  stone  near  Messina,  in  Sicily  (Fig.  337),  may  be  taken. 
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A  tunnel  was  driven  into  the  face  of  the  limestone  quarry  for  a 
distance  of  56  feet  (17  m.),  and  tiien  turned  off  at  a  right  angle. 
The  chamber  so  formed  was  lined  with  a  quick'Setting  cement  in 
order  to  keep  out  any  moisture,  and  a  cubical  wooden  box  was 
built  up  inside  and  charged  with  64  bags  of  gunpowder,  or  in  all 
31  cwt.  (1600  kil.). 

Four  ordinary  fuses,  placed  in  a.  long  box  with  sawdust,  fur- 
nished the  means  of  firing  the  charge.  The  tunnel  was  then 
filled  up  in  the  manner  shown  in  Figs.  328  and  329.     The  object 
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of  the  slightly  sinuous  form  of  the  tunnel  was  to  increase  the 
resistance  of  the  tamping. 

The  effect  of  the  large  blast  was  to  break  up  and  move  more 
than  100,000  cubic  yards  (80,000  c.m.\  of  rock,  with  the  advan- 
tage of  producing  less  small  stone  than  would  have  been  the 
case  if  the  ordinary  method  of  quarrying  had  been  employed. 
The  dotted  line  A  B'  C  (Fig.  337)  shows  the  outline  of  the  face 
after  the  explosions. 

We  now  come  to  an  important  class  of  workings,  namely, 
recent  alluvial  beds,  such  as  river  gravel  containing  diamonds, 
gold  or  tin  ore.  The  banks  may  be  left  high  and  dry  when  the 
river  b  low,  or  the  stream  may  be  diverted  and  any  pools 
drained  by  some  simple  pump.  The  whole  process  of  working 
often  consists  merely  in  digging  up  the  earth  with  pick  and 
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BhoTsl,  and  washing  it  on  the  spot  with  a  pan  .or  batea.  If 
there  is  not  enough  fall  for  discharging  the  refuse,  la  places 
where  the  operations  are  on  a  large  scale,  it  becomes  aecessary 
to  raise  the  earth  by  some  appliance,  such  as  the  hydraulic 
elevator  (Fig.  343). 

Dams  for  diverting  rivers  are  sometimes  of  considerable  size. 
For  instance,  on  the  Feather  river  in  California  there  is  a  dam 
80  feet  wide  and  50  feet  high.  The  water  is  carried  off  in  a 
"  flume  "  or  launder,  50  feet  wide  and  6  feet  high. 

The  sand  of  beaches  is  occasionally  scraped  up  at  low  tide  and 
washed  for  gold  or  tin  ore. 

HTdraulic  Hining. — Under  this  head  it  is  convenient  to 
include  all  methods  of  working  in  which  water  is  used  for 
breaking  away  the  ground,  and   not  to  restrict  the  term,  as 


A,  undecomposed  granite  ;  D,  decomposed  granite;  C,  over- 
barden  ;  D,  euKme-houae  ;  BE,  EE,  HocceaalTe  outlines  of  the 
open  pit ;  no,  shaFi ;  bb,  level ;  d,  tup  oF  npiigtit  laander  placed 
in  the  imall  abaft  sunk  in  the  middle  of  the  decomposed 
granite ;  tt,  column  of  pumps  tlirough  vbicb  the  milky  stream 
of  china  cla;  and  mica  is  lifted  to  the  launder,  /. 

is  moat  commonly  done,  to  the  process  of  working  auriferous 
gravel  by  b.  jet  of  water  under  considerable  pressure. 
The  following  are  some  examples  : — 
r.  China  Clay  Workinge  in  Cornwall. — The  first  operation  is 
the  removal  of  the  overburden,  and  a  small  shaft  is  then  sunk  in 
the  middle  of  the  area  to  be  worked  ;  the  bottom  is  put  into 
communication  with  the  surface  either  by  an  adit  level,  if  the 
contour  of  the  ground  is  favourable,  or  by  a  tunnel  and  shaft 
(Fig.  330),  if  the  contour  of  the  surface  does  not  permit 
the  driving  of  an  adit  save  at  a  prohibitory  cost,  or  if  it  is 
more  convenient  to  have  the  settling  pits  close  by.    The  shaft 
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has  to  be  fitted  with  pumps.  A  stream  of  water  is  led  on  to  the 
decomposed  granite,  which  the  workman  loosens  with  a  heavy 
pick ;  the  disintegrated  particles  are  carried  away  in  suspension 
to  a  first  settling  pit,  where  the  coarse  grains  of  quartz  are 
deposited,  and  the  milky  stream  then  falls  down  the  launder  d, 
into  the  level,  and  either  runs  out  naturally  or  is  pumped  up  to 
the  surface.  It  passes  on  to  other  settling  pits,  and  deposits 
first  the  mica  and  then  the  very  finely  divided  kaolin. 

2.  Auri/erotis  Gravel. — The  process  known  as  "  booming " 
practised  in  California,  Colorado,  Idaho,  and  Montana,  consists 
in  discharging  the  contents  of  a  reservoir  all  at  once  on  to  beds 
of  auriferous  gravel.  The  powerful  stream  carries  away  the 
stones  and  dirt  into  wooden  troughs  or  launders,  called  "  sluices," 
and  leaves  behind  the  gold  on  the  bed-rock,  or  in  the  upper 
part  of  the  run  of  sluices.     In  Peru  a  similar  process  is  adopted. 

By  a  natural  transition  from  "  booming,"  we  come  to 
**  hydraulicking,"  a  process  in  which  a  jet  of  water  under 
pressure  is  made  to  play  against  a  bank  of  auriferous  gravel, 
break  it  down,  disintegrate  it,  and  wash  it  into  wooden  troughs, 
arranged  so  as  to  catch  the  gold  by  means  of  mercury  on  special 
floors,  and  at  the  same  time  to  discharge  the  stones,  sand, 
and  mud. 

For  the  purpose  of  storing  a  proper  supply  of  water,  large 
reservoirs  have  to  be  constructed, 
sufficiently  high  above  the  gravel  jpiQ^  ^^i. 

bank  to  secure  the  necessary 
amount  of  pressure.  They  are 
formed  by  erecting  dams  made 
either  of  earth,  cribs  of  timber, 
or  dry  rubble  masonry  across  the 
valleys.  One  of  the  largest  in 
California  is  the  Bowman  reser- 
voir^ with  a  high-water  area  of 
500  acres  and  a  dam  100  feet 
high,  which  cost  $151,521,  or, 
speaking  roughly,  ;£^3o,ooo. 

The  water  is  taken  to  the  place 
where  it  is  required  by  (i) 
ditches  ("  leats,"  Eng,)\  (2) flumes ; 
or  (3)  pipes,  (i)  The  dvtchea  are 
cut  out  on  the  sides  of  the 
hills,    and   the  earth  thrown  out 

serves  to  strengthen  the  lower  bank.  The  shape  most  commonly 
adopted  for  the  ditches  is  a  half-hexagon,  or  the  upbank  may  be 
made  with  an  angle  of  60^  and  the  lower  with  65*".  The  gradient 
or  "  grade  "  varies  according  to  circumstances  from  7  to  20  feet 
per  mile. 

(2)  Flumes  are  merely  wooden  troughs,  or  'Maunders,'^  as  we 
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should  call  them  in  England.  Figs.  331  and  332  ahow  the 
maaner  in  which  they  are  usually  made  and  supported.  In 
valleys  or  ca&ODS  with  very  precipitous  eidea,  the  flume  is 
sometimes  carried  by  iron  brackets  let  into  holes  bored  in 
the  rock  and  hung  by  iron  rods  {Fig.  333).  Where  it  is 
possible,  ditches  should  be  put  in  instead  of  flumes,  because  the 
latter  cost  more  for  maintenance.  They  also  suffer  more  from 
wind,  snow  and  storms,  and  lastly,  they  are  liable  to  destruction 

Fio.  33a. 


from  fire.  On  the  other  hand,  it  may  be  impos-sible  in  some  cases 
to  put  in  ditches,  or  the  ground  may  he  too  hard  and  too  porous 
to  make  a  ditch  advisable.  When  water  is  scarce,  the  loss 
by  soakage  and  evaporation  ia  a  matter  of  importance. 

(3)  The  third  method  of  conveying  water  is  by  iron  or  gteel 
ptpea.  They  are  useful  in  crossing  a  deep  valley,  for  they  save 
the  expense  of  constructing  a  very  long  ditch  round  its  bead, 
or  a  very  high  trestle  bridge  across  it.  Pipes  crossing  deep 
valleys  are  called  "  inverted  siphons,"  although  the  principle  of 
the  siphon  in  no  way  comes  into  play. 

The  pipes  are  made  of  riveted  iron  or  steel,  and  one  fono  of 
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joint  is  shown  in  Fig.  334,  made  tight  by  running  in  lead  and 
caulking  it.  The  riveting  may  be  straight  or  spiral.  To  prevent 
rusting,  the  pipes  are  coated  externally  and  internally  with  a 
mixture  of   coal  tar   and    bitumen.      Some  of  the  pipes  used 
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for  couveying  water  in  this  way  are  20  or  even  40  inches 
in  diameter,  and  in  such  cases  the  thickness  of  the  iron  is  from 
No.  16  to  No.  14  B.W.G. 

Whether  brought  by  ditch,  flume,  or  pipe,  the  water  is  led  to 
the  so-called  "pressure-box"  or  "bulkhead,"  (Figs.  335,  336, 
and  337),  a  cistern   situ- 
ated at  a  sufficient  eleva-  FiQ.  334. 
tion  to  give   the   jet  the 
force    it    requires.       The 
cistern   is   strongly  made, 
and  has   a   grating   A   to 
catch  floating  sticks  which 
might  otherwise  choke  the 
pipe.     At  the  bottom  there 
is  a  receptacle  B  to  receive 

gnvel  aod  mud,  which .ru  "  »  •  •ro«BhU,o.  ooll„i  •.  il;«l»a: 
^,  1    t  i.-  i.  "•  >  Dipple  of  sheet  iron  rireted  to  one 

dischai^ed  from    time    to        ^^^  ^f  ^,6  pipe  d,  each  length  having 
time  by  opening  a  hatch        a Bimltarnipple. 
atO. 

The  pipe  leading  away  from  the  pressure-box  is  similar  to  that 
used  for  crossing  valleys,  and  it  is  brought  down  into  the  work- 
ings; if  it  is  advisable  to  attack  the  bank  in  two  places  at 
once,  the  pipe  is  forked,  each  branch  having  its  valve.  The  pipe 
terminates  in  a  nozzle  from  5  to  9  inches  in  diameter  known  as  a 
"  monitor."  The  monitor  shown  in  Fig.  338  is  provided  with  an 
arrangement  b^  means  of  which  one  nan  can  deflect  it  with 
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great  ease.  If  the  nozzle  B  is  in  a  straight  line  vith  A,  the 
atre&m  passes  through  it  unimpeded ;  when  it  becomes  necessary 
to  turn  the  water  on  to  another  part  o!  the  gravel  bank,  the  lever 
0  is  held  to  the  side  to  which  the  jet  has  to  be  deflected. 

Fia-  33S- 


The  pressure  of  the  water  in  B  then  moves  the  monitor  as 
desired. 

The  manner  of  using  the  powerful  jet  of  water  to  wash  down 
banks  of  gravel  is  well  depicted  in  Fig.  339,  borrowed  from  Mr. 
Evans. 

If  the  gravel  is  cemented  into  a  hard  conglomerate,  drifts 
are  run  into  the  bank ;  the;  are  charged  with  a  number  of  251b. 
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kegs  of  powder,  tamped  up,  and  fired  by  electricity.    The  jeta  of 
water  will  then  do  Uie  rest. 

The  gravel  washed  down  by  the  jets  of  water  is  led  first  into 
ditches  cut  in  the  "  bed-rock,"  and  then  into  "  sluices."  Sluices 
are  large  troughs  or  launders  lying  upon  the  ground,  and  paved 
with  loose  blocks  of  wood  or  with  stones,  in  order  to  form  a 
surface  fit  for  catching  the  gold  and  the  amalgam.  Figs.  340, 
341,  and  342  show  a  section,  elevation,  and  plan  of  a  sluice-box 
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with  two  kinds  of  lining  ordinarily  adopted.  It  will  be  seen  that 
the  sluice  in  this  case  is  a  trough  5  feet  3  inches  wide,  made  of 
i4-inch  plank  at  the  sides  and  s-ioch  plank  at  the  bottom,  upon 
wnich  are  placed  blocks  of  wood  30^  inches  square,  and  13  inches 
deep,  set  with  the  grain  on  end.  They  are  separated  at  the 
bottom  by  cross  strips  of  wood  i^  inch  thick,  and  the  sides  are 
protected  by  blocks  3  inches  thick.  At  one  end  the  paving  is  of 
large  stones. 

The  sluice  is  generally  made  in  twelve-foot  lengths,  and  the 
inclination  is  commonly  defined  by  the  fall  given  to  such  a  length. 
Thus  it  is  said  that  the  grade  is  6  inches,  meaning  6  inches  to 
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1 2  feet  or  i  inch  to  the  foot.  The  run  of  sluices  may  be  several 
hundred  or  several  thousand  feet  long. 

The  false-bottoms  for  sluices  are  called  *'  riffles.''  The  wood 
preferred  for  the  block-riffles  is  that  of  the  ''  digger  "  pine  (Pinua 
sabiniana).  Longitudinal  riffles  are  made  of  poles,  wooden  rails 
covered  with  strips  of  iron,  or  iron  rails.  In  New  Zealand  the 
riffles  are  sometimes  made  of  transverse  bars  of  angl&-iron, 
riveted  to  angle-iron  or  placed  in  a  wooden  frame,  which  enables 
them  to  be  reversed  when  worn.  The  sluice-boxes  are  lined 
with  thin  sheet  iron,  and  sacking  or  cocoa-nut  matting  is  placed 
under  the  riffles  to  assist  in  retaining  the  gold. 

In  order  to  catch  its  gold  more  effectually,  the  finer  material 
is  taken  out  and  treated  separately  in  broad  sluices  called 
"  under-currents,"  at  the  side  of  the  main  one.  A  grating  of 
bars  of  iron,  i  inch  apart,  called  a  "  grizzly,"  is  fixed  across  the 
main  sluice,  and  the  fine  gravel  and  sand  which  drop  through 
are  led  to  a  broad,  shallow,  sloping  box,  eight  or  ten  times  as 
wide  as  the  sluice  itself,  and  paved  like  it  with  stones,  wooden 
blocks,  or  longitudinal  riffles.  The  finer  portions  of  the  gravel, 
after  passing  over  the  '^  undercurrent "  and  depositing  much  of 
their  gold,  are  once  more  turned  into  the  main  sluice  lower 
down. 

The  big  boulders  rushing  down  the  sluice  are  of  service  at  first 
by  breaking  up  gravel  which  is  much  cemented  together,  but  at 
the  same  time  they  naturally  wear  out  the  sides  and  the  pave- 
ment. It  is  therefore  advisable  to  get  rid  of  them  as  soon  as 
they  have  done  all  the  useful  work  they  are  capable  of  perform- 
ing. This  is  effected  by  arranging  a  *'  grizzly  "  or  grating  which 
will  deliver  the  boulders  into  a  ravine  or  gully,  and  so  dispose  of 
them  without  any  further  cost. 

Mercury  is  added  several  times  a  day  at  the  head  of  the 
sluice  ;  and  the  upper  part,  say,  the  first  1000  feet,  is  cleaned  up 
every  two  or  three  weeks.  At  the  time  of  the  clean-up  the 
washing  down  of  the  gravel  bank  is  stopped,  or  the  current  is 
diverted  into  a  parallel  line  of  sluices.  A  small  quantity  of  water 
is  turned  into  the  sluice  which  is  to  be  cleaned  up,  the  blocks  are 
then  taken  out,  washed,  and  put  on  one  side.  All  the  amalgam 
is  picked  up  with  iron  scoops,  washed,  and  squeezed  through 
canvas  or  leather,  and  the  amalgam  is  retorted.  The  spongy 
gold  remaining  behind  in  the  retorts  is  then  finally  melted 
into  bars.  The  mercury  recovered  by  condensation  is  used  over 
again. 

When  the  bed-rock  is  below  the  drainage  level,  the  hydraulic 
elevator  may  be  employed.  A  jet  of  water  under  heavy  pressure 
is  brought  by  a  pipe  A  (Figs.  343  to  346)  to  the  nozzle  B,  and 
rushes  up  the  pipe  D,  producing  a  powerful  suction  in  the 
^*  hopper  "  G.  The  water  and  gravel  are  carried  up  against  the 
cast  iron  striking -plate  S,  and  then  run  down  the  sluice-boxes. 
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Fig.  347  explains  the  method  of  udng  the  elevator  for  treat- 
ing an  immense  accumulation  of  tailings  at  the  Blue  Spur, 
Otago,  Mew  Zealand.  On  the  left-hand  aide  ia  a  huge  nozzle 
plajing  upon  the  face  of  the  tailings,  59  feet  high,  and  washing 

Fio.  343. 


down  the  gravel  and  sand  of  which  they  are  composed.  To  the 
right  is  the  first  elevator,  which  raises  the  stuff  1 5 J  feet  into  a 
set  of  sluice-boxes,  and  further  to  the  right  is  a  second  elevator 
lifting  it  56  feet  vertically  into  another  run  of  sluice-boxes. 

The  quantity  of  water  used  is  measured  by  a  unit  called  the 
"  miner's  inch,"  which  unfortunately  is  not  invoriablj  the  same. 
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The  term  me&ns  the  quantity  of  water  discharged  per  square 
inch  of  sectional  area  of  an  orifice  cut  through  a  vertical  hoard, 
forming  one  side  of  a  box.  The  discharge  will  necessarily  vary 
with  the  height  of  the  surface  of  the  water  above  the  onfice,  the 
thickness  of  the  board,  and  the  shape  and  nature  of  the  orifice ; 
as  these  factors  of  the  problem  are  not  the  same  in  alt  localities, 
it  is  impossible  to  give  one  definite  value  for  the  miner's  inch  of 
water.  The  orifice  is  usually  rectangular,  but  it  may  differ  in 
height  and  width.  However,  the  quantity  represented  by  the 
miner's  inch  may  be  taken  as  varying  from  2000  to  3600  cubic 
feet  per  14  hours  ;  in  some  cases  the  outflow  is  reckoned  for  10 
hours  only,  and  is  spoken  of  as  the  "  ten  hours  miner's  inch.'' 
In  these  circumstances  it  is  evident  that  great  care  must  be 

Fig.  347. 


taken  to  ascertain  precisely  what  inch  is  meant,  befra^  making 
any  estimates  based  upon  this  uncertain  unit,  the  miner's  inch. 

The  "  duty  "  of  the  miner's  inch  is  "  the  quantity  of  material 
washed  by  an  inch  of  water  in  34  hours."  As  might  be  expected, 
the  duty  varies  very  considerably,  indeed  from  i  to  6  cubic 
yards.  The  duty  necessarily  depends  upon  the  pressure  of  the 
jet  of  water,  and  upon  other  causes,  such  as  character  of  the 
material  washed,  height  of  banks,  use  of  explosives,  size  and 
grade  of  sluices,  and  class  of  riffles.  The  sluice  alfects  the  duty 
of  the  inch  in  so  far  as  its  capacity  regulates  the  quantity 
washed, 

Under  favourable  conditions  at  Cherokee  Flat,  viz.,  fine 
material,  high  banks,  head  of  300  to  350  feet,  and  grade  ^j, 
5*5  cubic  yards  are  said  to  be  the  duty  of  the  miner's  inch. 

At  Osceola,  in  Nevada,  the  average  washing  in  1890  was  1*63 
cubic  yards  to  the  inch  of  water,  and  it  was  expected  that  the 
duty  would  be  raised  eventually  to  2  cubic  yards. 

It  is  hardly  necessary  to  say  that  the  yield  of  the  gravel  varies 
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between  very  wide  limits,  and  it  is  consequently  impossible  to  lay 
down  any  average  for  the  hydraulic  mines  of  California  or  any 
other  country.  At  La  Grange  mines  in  California,  in  i6  months 
2»275i967  cubic  yards  of  gravel  were  washed  by  I95339728  inches 
(2159  cubic  feet  each)  of  water,  and  yielded  12,026*84  oz.  of 
metal  worth  ;£^46,379.  The  yield  per  cubic  yard  of  gravel  was4|d., 
and  the  cost  of  treatment  2'85d.  per  cubic  yard.  The  accom- 
panying table  gives  the  results  of  actual  work,  and  will  at  all 
events  show  that  poor  gravel,  containing  gold  worth  only  10  or 
15  cents,  say,  5d.  to  7^d.  per  cubic  yard,  can  sometimes  be  made 
to  pay  good  profits. 

With  the  exception  of  Osceola,  the  works  were  all  in  Cali- 
fornia ;  the  figures  are  borrowed  from  Mr.  Bowie.  A  cubic 
yard  of  gravel  is  estimated  by  Mr.  Hammond  to  weigh  from  i^ 
to  if  tons. 

One  of  the  great  difficulties  with  which  the  hydraulic  miner 
has  to  contend  is  getting  rid  of  the  enormous  quantities  of  refuse 
produced  by  his  washings.  Some  idea  of  these  quantities  will 
be  gathered  from  ^  the  statement  that  one  working  alone,  the 
Gold  Run  Ditch  and  Mining  Company,  was  for  a  period  of  eight 
years  discharging  4000  to  5000  cubic  yards  of  sand,  gravel,  and 
boulders  daily  into  a  tributary  of  the  Sacramento.  As  a  natural 
consequence  banks  were  formed  in  the  river,  obstructing  the 
navigable  channels,  rendering  overflows  more  frequent  and 
destructive,  and  causing  valuable  land  to  be  destroyed  by 
deposits  of  sand.  Litigation  ensued,  and  some  years  ago  the 
Superior  Court  of  California  decided  that  the  hydraulic  mining 
companies  must  build  dams  to  impound  the  coarse  and  heavy 
debris,  or  take  other  means  to  prevent  their  being  washed  down 
the  rivers. 

The  consequence  of  this  decision  was  a  great  diminution  of 
the  amount  of  hydraulic  mining  carried  on  in  the  State  ;  but  in 
1893  ^^  ^^^  ^^  Congress  was  passed  which  allowed  work  to  be 
resumed  at  many  of  the  mines. 

It  is  not  everywhere  that  the  gravel  beds  occur  in  hilly 
countries  where  reservoirs  can  be  constructed,  and  where  con- 
venient ravines  exist  for  the  disposal  of  the  stone  and  earth. 
The  gold-bearing  stratum  is  sometimes  found  under  river  flats ; 
and  in  such  cases  a  method  known  as  '^  centrifugal  sluicing  "  or 
*'  hydraulic  sluicing "  is  applied  with  profit  It  is  merely 
a  form  of  hydraulic  mining  in  which  the  jet  of  water  is 
obtained  by  steam  pumps,  and  the  mud,  sand,  and  gravel 
are  lifted  by  centrifugal  pumps  into  gold-saving  troughs 
(sluices)  carried  on  trestles,  and  are  finally  discharged  into 
a  pit  already  worked.  The  plant  is  placed  upon  a  pontoon 
of  light  draught  which  rests  upon  the  ground  while  work 
is  proceeding,  but  can  be  floated  from  place  to  place  as 
required. 
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II.  EXCAVATION  OF  MINERALS  UNDER  WATER.— In 

Chapter  lY.  mention  was  made  of  dredges  of  various  types, 
which  are  employed  for  the  purpose  of  extracting  gold-bearing 
sand  and  gravel  from  the  bed^  of  rivers.  Gold  is  not  the  only 
mineral  worked  in  this  fashion ;  in  South  Carolina  phosphate  of 
lime  is  dredged  up  from  river-bottoms,  and  in  Prince  Edward 
Island  a  shell-marl  obtained  in  a  similar  manner  is  sold  as  a 
fertiliser.  Lastly,  on  the  coast  of  Germany,  between  Dantzig 
and  Memel,  two  forms  of  subaqueous  work  have  been  applied  to 
the  getting  of  amber.  Some  was  dredged  up  by  bucket-dredges, 
and  some  was  obtained  by  divers.  The  divers  went  out  in  boats 
about  three-quarters  of  a  mile  off  the  Briister  Ort  lighthouse, 
and  after  anchoring  they  descended  to  work  the  amber  bed, 
being  equipped  with  regular  diving  dresses,  and  supplied  with 
air  by  pumps  worked  by  their  comrades.  Carrying  a  crowbar 
and  a  pronged  iron,  the  diver  searched  for  masses  or  lumps  of 
amber  and  detached  them  from  the  parent  bed,  or  found  them 
already  loosened  and  dislodged  by  storms. 

Sand  for  use  as  a  moulding  material  in  foundry  practice  is 
largely  worked  in  Belgium,  where  at  one  of  the  most  important 
deposits,  at  Lommel,  800  tons  a  day  are  pumped  up  and  loaded 
mechanically  on  barges.  The  sand  pump  is  worked  by  an 
alternating  current  dynamo  supported  on  a  raft  made  of  empty 
oil  barrels,  and  the  delivery  pipe  of  the  centrifugal  pump  leading 
to  the  bins  along  the  canal  is  also  carried  on  similar  rafts. 
From  the  bins  the  sand  is  loaded  by  an  electrically  driven 
elevator  with  endless  chain  into  barges. 

III.  EXTRACTION  OF  MINERALS  BY  WELLS  AND 
BOREHOLES. — Liquid,  gaseous  and  soluble  minerals  are  some- 
times obtained  in  this  fashion.  The  principal  are :  carbonic 
acid,  natural  inflammable  gas,  petroleum,  and  salt. 

Carbonic  Add, — Underground  supplies  are  tapped  by  bore- 
holes, and  the  getting  consists  simply  in  piping  off  the  gas  from 
the  top. 

Natural  Gas. — Precisely  the  same  remark  applies  in  the  case 
of  the  natural  gas  used  for  fuel  in  Pennsylvania,  the  occurrence 
of  which  has  already  been  described. 

Petroleum, — This  mineral  may  be  got  either  by  wells  or  bore- 
holes. In  the  United  States,  in  Russia,  in  Galicia,  and  in  other 
oil  districts,  boreholes  are  sunk  by  one  of  the  processes  described 
in  Chapter  III.,  and  it  is  found  that  the  oil  will  either  rise  to 
-the  surface  or  part  way  up.  In  this  latter  case  it  has  to  be 
drawn  up  by  pumps  or  bailers.  In  order  to  increase  the  flow 
of  oil  from  the  suiTOunding  rocks  into  the  borehole,  it  is  usual 
to  break  up  and  crack  the  oil-bearing  stratum  by  a  torpedo. 
This  is  a  powerful  charge  of  some  explosive  contained  in  a  tin 
cylinder,  which  is  lowered  into  the  hole  to  the  required  depth 
and   then   exploded.     Nitroglycerine,  dynamite  or  gunpowder 
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are  employed,  but  of  course  the  last  is  only  used  when  its  more 
powerful  rivals  cannot  be  obtained.  As  much  as  a  hundred 
quarts  of  nitroglycerine  may  be  used  for  one  blast,  in  which 
case  the  explosive  ia  let  down  in  separate  cylinders,  each  con- 

FlO.  348. 
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taining  twenty  quarts.     The  explosion  of  the  top  cylinder  fires 
the  charges  in  the  others. 

In  Burmah  the  petroleum  is  got  by  wells,  aod  this  was  the 
manner  in  which  the  great  Russian  deposits  were  worked  until 
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comparatively  lately.  The  oil  gradually  oozes  out  of  the 
surrounding  strata  and  accumulates  in  the  bottom  of  the  well, 
whence  it  is  drawn  up  by  earthenware  pots. 

Salt, — The  great  bed  of  salt  at  and  near  Middlesbrough  is 
worked  by  making  a  borehole  and  putting  in  two  tubes  and  a 
pump,  so  arranged  that  water  from  a  superincumbent  bed  of 
sandstone  travels  down,  dissolves  the  salt,  and  is  then  drawn 
up.  The  process  pursued  will  be  apparent  from  an  inspection 
of  the  figure.  A  drive-pipe  aa  (Fig.  348)  is  first  rammed  down 
through  the  alluvial  soil,  in  the  manner  described  by  Fig.  143, 
and  a  borehole,  8  inches  in  diameter,  is  put  down  through  the 
sandstone,  gypseous  marl,  and  the  whole  thickness  of  the  rock- 
salt,  until  it  has  reached  the  underlying  anhydrite.  It  now 
has  to  be  lined  with  a  steel  tube  hh  (Fig.  348,  in  which  the  size 
of  the  tubes  is  greatly  exaggerated),  6f  inches  in  diameter 
internally ;  for  the  first  150  feet  from  the  bottom  the  steel  is  \ 
inch  thick,  then  -^  inch  for  300  feet,  and  the  remainder  is  \ 
inch  thick.  With  the  sleeve  couplings  over  them,  the  tubes  just 
pass  down  the  drive-pipe.  In  the  rock-salt  and  in  the  600  feet 
of  water-bearing  sandstone,  the  lining  pipe  is  perforated  with 
holes  I  inch  in  diameter,  and  1 2  inches  apart  vertically. 

Lastly,  a  steel  suction  pipe  (Fig.  348,  c),  3  inches  in  diameter 
internally,  and  \  inch  thick,  made  in  20-feet  lengths,  united  by 
sleeve  couplings,  is  lowered  into  the  borehole ;  about  240  feet 
from  the  surface  is  fixed  a  brass  working  barrel  (Fig.  348,  d),  6 
feet  long,  4^  inches  in  diameter  and  \  inch  thick,  and  above  it 
steel  tubes,  4}  inches  in  diameter,  which  reach  to  the  surface. 
The  working  barrel  has  a  ball  valve  at  the  bottom.  When  the 
pump  bucket,  also  fitted  with  a  ball  valve,  has  been  let  down 
by  a  series  of  rods,  and  the  last  one  has  been  connected  to  the 
end  of  the  walking  beam,  the  extraction  of  brine  can  commence. 
It  is  evident  from  the  figure  that  when  a  pump  is  set  in  motion 
at  d,  water  will  ascend  the  suction  pipe,  and  its  place  will  be 
taken  by  water  from  the  sandstone.  This  descends  the  outer 
tube  to  the  rock-salt,  brings  it  into  solution,  and  is  pumped  up 
as  brine.  As  the  pumping  proceeds,  the  rock-salt  is  gradually 
eaten  away  all  round  the  borehole  ;  in  time  the  marl  roof  must 
fall  in,  and  eventually  the  pipes  will  get  more  or  less  choked, 
and  the  brine  will  be  too  weak  to  be  worth  pumping. 

The  rate  of  pumping  is  regulated  so  that  the  brine  is 
delivered  with  25  per  cent,  of  salt.  As  it  comes  up  it  is  full  of 
gas,  which  is  mainly  nitrogen  with  a  small  proportion  of  hydro- 
carbons. 

The  boreholes  are  arranged  in  fours  at  the  corners  of  a 
square,  with  a  diagonal  of  200  feet  (Fig.  349). 

The  brine  is  delivered  into  a  large  storage  and  settling-pond, 
whence  it  flows  into  sheet-iron  evaporating  pans. 

If  there  is  no  natural  supply  available^  as  is  the  case  in  th^ 
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Middlesbrough  district,  fresh  water  from  the  surface  is  rua 
down  the  outer  pipe,  and  the  dissolving  proceeds  as  before. 

Natural  sheets  of  saline  water  or  brine  can  be  tapped  by 
wells  or  boreholes  in  some  districts ;  indeed  salt  was  worked  in 
this  way  in  Cheshire  long  before  the 
discovery  of  the  rock-salt.     Some  of  Ym,  349. 

the  Cheshire  salt  is  derived  from 
brine  pumped  up  from  inundated 
mines  worked  originally  for  rock-salt, 
which  are  now  full  of  water  and 
cannot  be  entered. 

This    therefore    is    practically   a      ^. ^ofh >• 

combination  of  underground  work 
with  extraction  by  solution,  and  the 
process  which  in  these  cases  has  been 
finally  adopted,  through  force  of  cir- 
cumstances, is  sometimes  found  advis-  • 
able  from  the  commencement. 

Callon  describes  and  figures  the  method  of  working  the  salt 
marls  of  the  Salzkammergut  by  huge  elliptical  chambers.  A 
network  of  drivages  is  first  of  aU  made  at  the  floor  of  the  pro- 
posed chamber,  and  then  fresh  water  is  brought  in,  until  it  fills 
the  excavations  and  gradually  eats  away  the  pillars  and  roof. 
The  brine  is  pumped  up  and  the  clayey  matter  falls  on  the  floor 
of  the  chamber  and  is  left  there. 

At  Bex  in  Switzerland  the  process  is  similar,  only  it  has  to 
be  adapted  to  the  nature  of  the  deposit  worked.  The  salt 
occurs  in  the  form  of  large  lenticular  masses  of  saliferous 
anhydrite  surrounded  by  anhydrite  free  from  salt.  .  The  lenses 
are  from  10  to  50  metres  wide,  and  are  known  to  extend  to  a 
depth  of  300  or  400  metres,  dipping  almost  vertically.  A 
main  shaft  is  sunk  and  the  saliferous  rock  is  reached  by  cross- 
cuts and  dissolved  away  in  slices  100  metres  thick  at  a  time. 
An  intermediate  shaft,  or  winze,  is  sunk  from  the  crosscut,  and 
when  it  has  reached  a  depth  of  100  metres  a  second  crosscut  is 
put  out,  from  which  two  long  drivages,  2  metres  high  and  1*50 
m.  wide,  are  made  in  the  direction  of  the  major  axis  of  the 
deposit.  By  a  series  of  drivages  at  right  angles  to  each  other, 
the  lowest  part  of  the  slice  is  cut  up  into  a  set  of  square  pillars 
about  5  or  6  metres  on  the  side.  Water  is  let  into  the  winze, 
and  is  allowed  to  rise  to  the  level  of  the  upper  crosscut.  It 
dissolves  the  salt  from  the  rock,  is  pumped  up,  piped  out  to  the 
surface  through  a  long  adit,  and  evaporated.  As  the  strongest 
brine  sinks  to  the  bottom,  the  pumps  are  made  to  take  their 
supply  from  the  lowest  part  of  the  workings.  The  saliferous 
anhydrite  contains  from  25  to  30  per  cent,  of  salt,  and  when 
this  has  been  dissolved  out,  the  rock  does  not  fall  to  pieces  as 
might  have  been  expected.     Gypsum  is  soluble  in  water  con- 
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taining  lo  to  14  per  cent,  of  salt,  so  the  first  action  of  the 
water  is  to  dissolve  some  of  the  anhydrite ;  but  when  the  brine 
becomes  more  concentrated,  gypsum  is  deposited  in  the  form  of 
small  crystals,  which  bind  the  anhydrite  into  a  firm  mass. 
Consequently  the  leached  rock  stands  perfectly  well  by  itself, 
and  there  is  no  fear  of  the  sides  falling  in.  One  of  these  large 
workings,  when  once  properly  laid  out,  wiU  go  on  furnishing 
brine  for  thirty  or  forty  years.  The  rate  of  pumping  is 
regulated  so  as  to  supply  brine  with  25  to  26  per  cent,  of  salt. 

A  last  instance  of  a  combination  of  underground  workings 
and  extraction  by  watery  solution  may  be  taken  from  Parys 
Mountain  in  the  island  of  Anglesey.  During  the  active  work- 
ing of  the  Parys  mine  many  years  ago,  poor  copper  ore  which 
had  been  broken,  but  would  not  pay  for  the  expense  of  wind- 
ing and  dressing,  was  left  underground.  Under  the  action 
of  air  and  moisture,  the  chalcopyrite  in  the  refuse  and  in  the 
pillars  is  gradually  decomposed,  producing  a  certain  quantity  of 
soluble  sulphate  of  copper.  Rain  finding  its  way  down  the 
mine  dissolves  the  sulphate,  and  the  pumps  draw  up  a  strongly 
coloured  water,  which  in  contact  with  scrap  iron  yields  mer- 
chantable copper  precipitate.  The  mine  is  now  worked  solely 
in  this  way. 

In  a  like  manner  a  little  copper  has  been  got  from  the  water 
flowing  out  of  the  County  adit  in  Cornwall. 

lY.  OPEN  AND  XJNDEBGROTTNB  WOBEB  COMBINED.— 
As  a  typical  instance  of  this  method  may  be  mentioned  the  so- 
called  "  milling ''  process  frequently  employed  for  working  iron  ore 
in  the  Lake  Superior  region.  While  the  over-burden  is  being 
stripped  off  by  a  steam  shovel,  a  shaft  is  sunk,  and  levels  are 
driven  off  into  the  ore.  Drivages  are  made  from  these  main 
levels  at  short  intervals  and  rises  put  up  to  the  surface.  Work- 
men then  begin  excavating  around  the  top  of  each  rise,  into  which 
they  shoot  down  the  ore.  The  bottom  of  the  rise  is  fitted  with 
a  suitable  door,  enabling  waggons  to  be  easily  filled.  As  working 
proceeds,  each  separate  pit  assumes  the  form  of  a  funnel. 

y.  UNDEBGHOnND  WOBKINGS.— The  methods  employed 
for  excavating  minerals  underground  are  almost  as  various  as 
the  different  forms  in  which  the  minerals  themselves  occur. 

The  deposit  must  first  be  reached  by  a  shaft,  or,  where 
the  contour  of  the  country  permits  it,  by  an  adit.  The  choice 
between  these  two  methods  of  attack  must  be  entirely  governed 
by  the  circumstances  of  the  case.  In  a  comparatively  level 
country,  it  would  be  impossible  to  bring  in  an  adit  capable  of 
rendering  any  real  service  without  going  to  a  distance  which 
would  make  the  cost  of  driving  prohibitory;  but  among  the 
mountains  an  adit  may  be  the  quickest  and  cheapest  means  of 
entering  productive  ground.  It  has  the  advantage  of  enabling 
all  pumping  to  be  dispensed  with  for  a  time,  of  reducing  subse- 
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quent  water-charges,  of  affording  an  opportunity  of  easily  utilis- 
ing water  supplies  in  the t  neighbourhood,  and  often  of  bringing 
out  the  mineral  to  a  more  suitable  locality  for  treatment  than 
could  be  obtained  by  raising  it  perpendicularly  to  the  surface. 
Instances  often  occur  in  which  the  adit  can  be  driven  along  the 
course  of  the  deposit  itself,  and  so  furnish  valuable  data  con- 
cerning it.  A  shaft  sunk  upon  the  dip  of  a  deposit  has  this 
same  advantage ;  but  here  it  is  necessary  to  remark  that  the 
term  "  shaft  "  does  not  always  convey  the  same  meaning.  The 
ore-miner  uses  the  word  to  denote  not  only  a  vertical  pit,  but 
also  one  sunk  upon  a  vein,  even  if  the  inclination  is  but  slight. 
There  are  portions  of  shafts  in  Cornwall  which  do  not  dip  more 
than  15  degrees  from  the  horizontal.  Shafts  with  an  inclina- 
tion of  60**  or  70°  from  the  horizontal  are  common  in  vein-mining, 
and  no  ore-miner  would  think  of  calling  them  by  any  other 
name.  On  the  other  hand,  the  coal-miner  seems  to  confine  the 
word  shaft  to  vertical  pits.  If  a  pit  is  sunk  vertically  till  it 
meets  a  seam  of  coal,  and  is  then  continued  along  the  dip  of  the 
bed,  the  latter  sloping  part  of  the  excavation,  even  if  it  has  a 
dip  of  50*"  or  60°,  is  called  an  *'  incline,"  and  not  a  shaft.  The 
term  "  slope  "  is  used  in  places  to  denote  an  inclined  pit  along 
the  dip  of  the  strata. 

We  will  suppose  that  the  deposit  has  been  struck  by  a  shaft, 
incline,  or  level.  The  problem  is  how  to  remove  it  to  the  best 
advantage.  Following  the  classification  proposed  by  Haton  de 
la  Goupilli^re,  it  will  be  seen  that  the  removal  of  a  mineral 
deposit  by  underground  workings  proceeds  according  to  one  of 
the  three  following  great  principles : — 

(a)  By  chambers  and  permanent  pillars,  in  which  the  removal 
of  the  mineral  is  incomplete,  part  being  left  in  the  form  of  sup- 
porting pillars  or  pillars  and  floors. 

(b)  By  the  subsidence  of  roof  or  "  caving  "  method,  in  which 
the  removal  of  the  mineral  is  complete  with  subsidence  of  the 
roof. 

(c)  By  the  filling-up  method,  in  which  the  removal  of  the 
mineral  is  complete,  the  empty  spaces  being  completely  filled  up 
with  rubbish. 

As  the  conditions  are  so  various,  it  is  useful  for  practical 
purposes  to  adopt  the  less  logical  classification  of  the  methods 
according  to  the  nature  of  the  deposit,  and  treat  separately  the 
modes  of  working — (i)  beds;  (2)  veins;  and  (3)  masses.  Such 
a  classification  is,  however,  not  entirely  satisfactory,  as  it 
separates  methods  of  working  which  are  in  reality  identical. 
A  steeply  dipping  seam  is  worked  much  in  the  same  fashion  as 
a  vein ;  and  methods  employed  in  working  away  thick  veins 
often  differ  in  no  way  from  those  found  advisable  in  many 
masses. 

BEDS.— Twogreatdivisionsstandoutprominently:  (A)  Methods 


328 


ORE  AND  STONE  MINING. 


in  which  the  bed  is  cut  out  into  pillars ;  and  (B)  methods  in  which 
the  bed  is  removed  at  once  without  this  preliminary  treatment. 
In  the  former  the  pillars  may  either  be  left  as  permanent  8up< 
ports,  or  they  may  be  removed  in  a  second  stage  of  the  process 
of  exploitation.  We  have  thus  three  principal  processes  of 
working  to  consider,  as  shown  in  the  following  table : 


Beds 


(Ai.  Pi 
(  A.  Pillar  workings.    -[ 
\  [  A2.  Pi 

\^  B.  Longwall  workings. 


Pillars  left  as  permanent  supports. 
Pillars  worked  away. 


Figs.  350  and  351. 


Ai.PillarB  Left  as  Permanent  Supports.— This  system  is 
adopted  with  minerals  of  no  great  intrinsic  worth,  as  it  is  often 
better  to  lose  much  of  the  mineral  in  the  form  of  pillars,  than 
to  go  to  the  expense  of  putting  in  artificial  supports  during  the 
period  of  exploitation.  It  is  likewise  adopted  in  certain  cases 
for  the  purpose  of  preventing  damage  to  the  surface  by  subsi- 
dence, or  an  inroad  of  the  sea  when  the  workings  are  submarine. 
The  method  can  be  best  understood  by  giving  a  few  charac- 
teristic examples  taken  from  minei-als 
of  various  kinds — viz.,  gypsum,  iron 
pyrites,  limestone,  salt,  and  slate. 

Gypsum, — Figs.  350  and  351  re- 
present in  section  and  in  plan 
the  chambers  and  pillars  of  the 
underground  gypsum  quarries  at 
Paris,  which  supply  the  stone  from 
which  the  well-known  plaster  is 
made.  The  principal  bed  is  from 
50  to  60  feet  in  thickness.  Pillars 
are  left  10  feet  square  at  the  base, 
and  the  stcdU  between  them  are  16  feet 
wide.  The  workings  are  slightly 
arched,  and  are  not  carried  up  to  the  true  roof,  for  the  purpose 
of  better  maintaining  the  security  of  the  chambers,  because 
heavy  damages  would  have  to  be  paid  if  they  '*  caved  in  "  and 
rendered  the  surface  useless.  A  similar  layer  of  gypsum  left 
for  the  floor  prevents  "  creep " — that  is  to  say,  a  rising  of  the 
floor  owing  to  the  thrust  of  the  pillars — and  enables  the  under- 
ground roads  to  be  kept  in  order  with  little  expense. 

In  Nottinghamshire  the  poor  parts  of  the  bed  of  gypsum  are 
left  as  pillars,  and  they  are  sufficiently  frequent  to  prevent  any 
waste  of  good  rock  for  supports. 

Iron  Pyintes, — At  Cae  Coch  mine,  near  Llanrwst  in  North 
Wales,  there  is  a  bed  of  iron  pyrites,  about  8  feet  thick,  which 
is  worked  by  leaving  pillars  from  2  to  3  yards  in  diameter,  at 
intervals  of  8  or  10  yards.  The  pillars  are  somewhat  irregular, 
because  where  the  roof  is  firm  and  strong  more  space  can  be 
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left  without  support.  If  the  roof  appears  at  all  weak,  the 
pillars  are  made  closer  together.  The  excavations  are  slightly 
arched  at  the  top,  so  as  to  obtain  a  little  more  strength. 

Lvnestone, — A  considerable  quantity  of  limestone  is  wrought 
in  Great  Britain  by  underground  mining,  especially  in  Wiltshire, 
Worcestershire,  South  Staffordshire,  and  Scotland. 

The  beds  of  freestone  which  are  worked  near  Bath  occur  in  the 
Great  Oolite,  and  vary  from  8  or  pto  18  or  24  feet  in  thickness ; 
the  dip  is  slight,  being  only  1  in  33. 


Fig.  353. 
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The  bed  of  stone,  which  it  is  proposed  to  work,  is  reached  by 
an  inclined  plane,  and  a  main  heading  is  driven  out  15  to  16 
feet  wide,  with  "  side  holes "  at  right  angles,  as  wide  as  the 
roof  or  ceiling  will  admit  with  safety,  say  20  feet  to  24  feet, 
leaving  pillars  10  feet  square  and  upwards  (Fig.  352).  If  any 
rock  is  unsound,  it  is  left  as  a  pillar,  and  this  may  cause  some 
irregularity  in  the  plan  of  the  mine. 

The  first  process  in  removing  the  stone  consists  in  excavating 
the  '*  jad,"  a  horizontal  groove  at  the  top  of  the  bed,  which  is 
cut  in  for  a  depth  of  5  feet 
and  a  width  of  20  to  25  feet  fig.  554. 

(Figs-  353  ^^^  354)- 

After  the   jad  has  been 

excavated    with    the    pick 

(Fig.  353),  a  vertical  cut  is 

made  with  a  saw  along  the 

line    BA   (Fig.    354),   and 

another  along  the  line  DC, 

and  a  piece  ABDC,  called 

the  "wrist,"  is  wedged  up  from  the  bottom  or  off  from  the 

side;    it  breaks  along  the  line  AC.     When  the  "wrist"  has 

been  removed,  the  blocks  are  simply  cut  out  with  saws.     These 

saws  are  6  or  8  feet  long  by  10  inches  to  12  inches  wide.     The 

first  saw  used  in  the  jad  has  to  be  narrower,  and  is  called  the 

"  razor  saw.*' 
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The- heaviest  saw  weighs  56  Ihs.,  and  the  handle  can  he  fixed 
as  shown  by  the  dotted  lines  (Fig.  157),  or  entirely  below  the 
eye  for  working  immediately  below  the  roof. 

When  set  free  by  sawing  on  all  four  sides,  the  block  is  easily 
detached  by  wedges  driven  in  along  a  plane  of  bedding.  The 
blocks  are  lifted  off  by  cranes,  and  either  loaded  at  once  on  to 
trucks  or  stacked  inside  the  quarry,  after  having  been  roughly 
dressed  with  an  axe  or  with  a  saw. 

A  workman  can  saw  1 5  square  feet  of  the  softest  beds  in  an  hour. 

In  the  neighbourhood  of  Dudley  there  are  two  beds  of  Upper 
Silurian  limestone  worked  by  true  mining.  The  top  bed  is  from 
16  to  18  feet  thick,  and  it  is  got  by  a  system  of  pillars  and 
chambers.  The  pillars  are  8  yards  square,  and  the  stalls  between 
them  13  to  17  yards.    Near  the  outcrop  both  the  pillars  and  the 
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Fig.  356. 
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stalls  are  rather  smaller  than  this.  The  top  2  feet  of  stone  are 
left  to  support  the  roof. 

ScUL — The  salt  mines  of  Cheshire  are  an  excellent  example  of 
pillar  and  chamber  workings.  The  bed  is  84  feet  thick,  but  only 
the  bottom  part,  15  to  18  feet  thick,  is  mined.  Pillars  10  yards 
square  are  left  promiscuously,  about  25  yards  apart,  or  closer  if 
thought  desirable  in  any  special  places.  Fig.  355  represents 
part  of  Marston  Hall  mine  near  Northwich.  The  bed  is  almost 
horizontal,  and  is  reached  by  two  perpendicular  shafts;  wide 
stalls  are  then  driven  out  on  all  sides.  The  workings  are 
advanced  by  making  an  excavation  in  the  upper  part  called 
the  "roofing"  (a,  Fig.  356);  and  the  lower  two-thirds  of  the 
thickness  worked  are  got  by  blasting  slanting  holes.  This  part 
is  called  the  "  benching."  The  roofing  is  made  by  holing  or 
under- cutting  by  hand,  or  better  by  a  Walker  circular  saw 
driven  by  compressed  air  (Fig.  215),  and  bringing  away  the 
salt  by  horizontal  holes  bored  with  a  jumper  and  charged  with 
gunpowder. 

The  old  method  of  working  salt  in  Roumania  was  by  bell- 
shaped  pits,  which  were  widened  out  gradually  till  their 
diameter  reached  160  to  200  feet  (50  to  60  m.),  after  which 
the  sides  were  carried  down  vertically. 
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Nowadays  long  chambers  are  excavated  with  intervening 
pillars.  A  chamber  is  begun  by  driving  a  level  10  to  50  feet 
wide  (3  to  16  m.),  and  this  is  deepened  and  widened  at  the  same 
time,  so  that  the  sides  make  an  angle  of  30°  to  45",  until  the 
full  width  of  164  feet  (50  m.),  is  attained;  the  excavation  is 
then  continued  with  vertical  sides.  The  section  therefore  re- 
sembles that  of  an  ordinary  house.  A  gangway  is  carried  round 
the  roof  for  the  purpose  of  inspecting  it  regularly. 

At  Turgu-Ocna  mine  there  are  four  of  these  chambers  which 
will  eventually  vary  from  100  to  160  feet  in  width  (30  to  49  m.) 
and  450  to  560  feet  (138  to  170  m.)  in  length,  and  afford  a  total 
working  area  of  22,000  square  yards  (18,550  square  metres). 

As  regular  blocks  of  almost  uniform  weight  are  preferred  for 
exportation,  great  pains  are  taken  to  get  out  the  rock-salt  in 
the  form  which  meets  with  the  readiest  sale,  and  to  reduce  the 
quantity  of  *'  smalls ''  to  a  minimum.  The  blocks  are  cut  by 
hand  or  by  machine.  Three  cutting  machines  are  used  :  one 
makes  horizontal  cuts  in  the  direction  of  the  long  axis  of  the 
chamber,  the  second  vertical  cuts,  and  the  third  transverse  cuts, 
so  as  to  divide  the  rock-salt  into  regular  cubes,  about  one  foot 
on  the  side,  weighing  132  lbs.  each  (60  kil.). 

SlcUe, — In  the  Festiniog  district  in  North  Wales  the  principal 
bed  is  120  feet  (36^  metres)  thick  in  places,  and  there  are  others 
from  30  to  70  feet  thick ;  these  beds  are  spoken  of  as  "  veins," 
though  they  are  true  sedimentary  deposits.  The  dip  of  the  beds 
is  from  20°  to  30°  or  35",  whilst  the  dip  of  the  planes  of  cleavage 
is  about  45" ;  the  strike  of  the  planes  of  cleavage  is  very  nearly 
the  same  as  the  strike  of  the  planes  of  bedding. 

The  method  of  working  consists  in  making  a  series  of  parallel 
chambers  (opentfu/s)  separated  by  pillars  (walls).  These  do  not 
follow  the  dip,  but  run  somewhat  askew,  because  it  is  found 
that  the  slate  rends  well  at  right  angles  to  the  cleavage  planes 
in  a  direction  which  does  not  coincide  with  the  dip  exactly. 
The  width  of  the  chambers  along  the  line  of  strike  varies  accord- 
ing to  the  firmness  of  the  bed  selected  as  roof  of  the  chamber, 
and  is  commonly  from  35  to  50  feet.  The  width  of  the  inter- 
vening pillars  is  usually  somewhat  less. 

The  workings  are  divided  into  a  succession  of  floors  about 
50  feet  one  below  the  other  vertically.  The  first  operation  con- 
sists in  reaching  the  bed  by  means  of  an  adit  or  an  incline  sunk 
along  the  dip  of  the  bed  and  then  levels  are  driven  out  along 
the  strike,  ABCD  (Fig.  357,  plan;  Fig.  358,  cross  section), 
under  some  bed  which  offers  the  necessary  guarantee  of  solidity, 
very  often  an  altered  volcanic  ash.  When  a  new  level,  such  as 
D  (Fig.  358),  has  been  driven  a  certain  distance  it  is  connected 
with  the  level  above  by  an  inclined  drift  called  a  "  roof."  The 
"  roof,"  or  "  rise  "  as  it  would  be  called  by  an  ore-miner,  is  a 
passage  about  4  feet  high,  and  4  feet  wide,  generally  excavated 
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from  below  upwards,  on  account  of  its  being  more  economical  to 
let  the  broken  rock  fall  into  the  level  underneath  than  to  draw 
it  up  by  hand,  which  becomes  necessary  if  the  passage  is  made 
by  "sinking" — i,e,,  excavating  from  above  downwards.  The 
"  roof "  is  usually  carried  up  on  one  side  of  the  proposed  new 
chamber.  The  third  step  in  the  process  is  the  '*  widening,"  or 
excavation  of  the  rock  on  one  side  of  the  "  roof,"  until  the  slate 
is  uncovered  for  a  width  of  40  or  50  feet.  The  result  of  this 
work  is  the  formation  of  an  inclined  open  space  40  feet  long,  for 
instance,  along  the  strike,  and  stretching  up  from  one  level  to 
the  next  one  50  feet  above  it  vertically.  While  this  work  is 
going  on,  the  level  is  being  prolonged  ;  a  distance  of  30,  40,  or 
50  feet  is  left  for  the  pillar,  and  eventually  a  new  '*  roof  "  is  put 
up  for  a  second  chamber. 
In  most  cases  the  excavation  of  the  "roof  "  and  the  process  of 
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widening  go  on  at  the  same  time,  because  it  is  found  that  the 
atmosphere  of  a  small  passage  like  a  "  roof  "  naturally  becomes 
bad  during  work,  unless  it  is  provided  with  some  special  venti- 
lating appliance,  whereas  if  the  amount  of  space  is  increased, 
the  impurities  introduced  into  the  atmosphere  are  spread  over  a 
greater  volume  of  air,  and  the  evil  is  lessened. 

This  preliminary  work  of  driving  levels,  "roofing  up,"  and 
"widening,"  is  all  done  by  a  special  set  of  men,  known  as 
"  miners,"  to  distinguish  them  from  the  slate-getters,  who  are 
called  "  rockmen  "  ;  for  slate  is  pai'  excellence  "  the  rock  "  in  the 
district. 

The  productive  period  of  the  life  of  a  chamber  now  begins. 
The  first  duty  of  the  rockmen  is  to  examine  very  carefully  the 
roof  of  the  chamber,  which  ought  to  have  been  left  perfectly 
secure  by  the  miners ;  but  as  the  rockmen  have  to  work  under 
it  possibly  for  ten  years  or  more,  they  naturally  are  anxious  to 
feel  that  every  chance  of  a  fall  has  been  prevented  as  far  as 
possible.  In  the  early  part  of  the  working  of  a  chamber,  when 
the  roof  is  within  reach,  the  examination  can  be  made  with 
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ease ;  la,ter  on  when  the  slate  has  been  excavated,  or  partly 
excavated,  long  ladders  are  required,  and  the  task  becomes 
much  more  difficult. 

Having  satisfied  themselves  and  the  agents  that  all  is  safe, 
the  rockmen  proceed  to  remove,  bit  by  bit,  the  huge  mass  of 
slate  lying  between  their  floor  and  the  one  above  it.  Such  a 
mass  will  sometimes  be  sufficient  to  produce  merchantable  slate 
worth  ^10,000  or  even  ;£^  15,000,  and  to  give  work  to  a  small 
gang  of  men  for  fifteen  years. 

In  the  plan  (Fig.  357),  the  lines  PP^  are  the  sides  of  the 
chambers,  and  also  indicate  the  direction  of  the  ''pillaring/' 
When  the  slate  is  taken  away  a  large  chamber  is  left,  and  the 
series  of  chambers  one  above  the  other  forms  a  huge  continuous 
inclined  opening  stretching  down  from  the  surface,  it  may  be, 
for  a  distance  of  several  hundred  yards.  Between  each  two  of 
such  openings,  there  is  the  supporting  pillar,  nearly  if  not  quite 
equal  in  size  to  that  of  the  excavation.  The  consequence  is  that 
very  nearly  one-half  of  the  available  slate  is  lost  in  the  form  of 
pillars ;  much  again  is  entirely  wasted  in  making  the  prelimi- 
nary drivage,  the  "  roof,"  the  "  widening,"  and  the  **  free  side." 
There  is  a  further  loss  in  getting  the  blocks  and,  as  we  shall  see 
later  on,  in  making  these  into  marketable  roofing  slates  or  slabs. 
Indeed  it  is  reckoned  that  even  a  good  **  vein  "  will  yield  only 
about  40  per  cent,  in  the  form  of  blocks,  and  that  two-thirds  of 
this  are  wasted  in  the  subsequent  dressing.  Therefore,  the 
slate  miner  does  not  sell  more  than  one-tenth  to  one-sixth  of 
the  slate  rock  which  he  lays  bare  in  a  chamber,  to  say  nothing 
whatever  of  the  loss  in  the  form  of  pillars,  which  have  to  be  left 
in  the  mine  as  permanent  supports. 

There  are  varieties  of  this  method  of  working.  For  instance, 
at  Aberllefenny  in  Merionethshire,  a  bed  60  feet  thick,  dipping 
at  an  angle  of  70",  is  worked  by  alternate  pillars  and  chambers 
with  a  much  smaller  loss  in  supporting  rock.  The  pillars  are  from 
24  to  30  feet  long,  and  the  chambers  100  to  187  feet  along  the 
line  of  strike.  Indeed,  even  at  Festiniog  there  are  chambers  at 
Wrysgan  mine  where  the  roof  is  very  strong,  more  than  130 
feet  in  length,  whilst  the  piUars  are  only  50  feet. 

At  Angers,  in  France,  the  beds  dip  at  a  high  angle,  and  the 
underground  workings  are  carried  on  like  an  open  quarry  under 
a  strong  roof  of  slate ;  the  floor  is  being  continually  worked 
away  in  steps,  and  an  immense  open  chamber  is  left  with 
perpendicular  sides. 

In  the  French  Ardennes  the  beds  of  slate  are  inclined  at 
lower  angles,  and  in  this  respect  more  resemble  those  at  Fes- 
tiniog ;  but  the  pillars  run  indefinitely  along  the  strike,  instead 
of  approaching  the  line  of  dip.  The  cross-section  (Fig.  359) 
shows  these  pillars  AA,  and  the  chambers  between  them.  The 
attack  of  the  bed  is  made  from  below,  and  not  from  above  as  in 
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Wales,  and  the  slate  is  removed  slice  after  slice  parallel  to  the 
bedding.  The  men  stand  upon  the  rubbish,  which  finally  fills 
up  the  chambers  completely.  In  the  figure  the  upper  chamber 
is  exhausted,  the  next  one  is  half  worked  out,  and  in  the  lowest 
only  one  slice  has  been  taken  off. 

This  method  of  mining  is  favoured  by  the  presence  of  natural 
joints,  which  can  be  utilised  for  forming  the  roofs  of  the 
chambers  without  any  cutting. 

In  this  case  the  walls  of  the  excavation  are  supported  even- 
tually, not  only  by  the  pillars,  but  also  by  the  rubbish,  and 
other  instances  may  be  found  where  a  filling  up  with  waste  rock 
constitutes  a  feature  of  the  method  of  working.  For  instance, 
the  thick  seam  of  carnallite  or  kainite  at  Stassfurt,  in  Prussian 
Saxony^  is  worked  by  huge  chambers,  between  which  pillars  are 
left.  The  Prussian  Government,  fearing  that,  in  spite  of  wide 
pillars,  a  "caving-in"  may  possibly  occur,  has  ordered  all  the 
excavations  to  be  filled  up.  The  cheapest  method  of  doing  this 
is  by  working  out  chambers  in  the  bed  of  rock>salt,  lying 
geologically  below  the  potash  salts,  and  using  the  salt  as 
stowing.  The  chambers  in  the  rock-salt  stand  well  without 
fear  of  the  roof  giving  way. 

At  the  Wieliczka  salt  mines,  in  Austrian  Poland,  it  has  been 
found  that  the  natural  pillars,  originally  supposed  to  afford 
ample  support,  are  not  always  capable  of  preventing  the  roof 
from  falling,  and  in  some  places  they  are  supplemented  by  huge 
timber  frames  (Fig.  267),  which  are  nothing  more  than  **  cogs  *' 
or  "  pigsties,"  on  a  gigantic  scale. 

A2.  Pillar  Workings  with  Temporary  Pillars.  —  It  is 
naturally  far  more  satisfactory  from  an  economic  point  of  view 
to  leave  as  little  of  a  deposit  as  possible  :  a  larger  output  is 
obtained  from  a  given  working  area  if  everything  is  removed, 
and  it  seems  a  pity  after  a  bed  of  mineral  has  been  discovered, 
and  after  all  the  dead  work  of  sinking  shafts  and  driving  levels 
has  been  accomplished,  to  allow  any  of  the  valuable  material, 
the  very  object  of  the  mining,  to  be  left  behind.  We  therefore 
now  come  to  the  cases  in  which  driving  galleries  and  cutting 
up  the  bed  into  pillars  form  only  a  first  stage  in  the  actual 
exploitation. 

The  most  impoi-tant  example  in  this  country,  after  coal,  is  the 
mining  of  ironstone  in  the  Cleveland  district.  The  bed  has  an 
average  thickness  of  about  12  feet  (Fig.  43)  where  worked. 
If  the  contour  of  the  country  is  not  suitable  for  bringing  in  adit 
levels,  two  vertical  shafts  are  sunk,  one  of  which  is  shown  in 
Fig.  360.  An  almost  level  road,  the  mainway,  is  driven  out 
with  a  width  of  5  yards  ;  drivages  are  put  out,  at  right  angles 
to  it,  at  intervals  of  20  yards,  called  boi'fh,  also  5  yards  wide, 
and  at  distances  of  30  yards  apart  cross-drivages  are  made, 
called  walls.     These  are  only  4  yards  wide.     By  this  system  of 
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galleries,  the  bed  is  cut  up  into  a  series  of  pillars,  30  yards  long 
by  20  yards  wide,  and  owing  to  the  size  of  the  tunnels  the 
quantity  of  ore  got  out  in  this  preliminary  stage  is  by  no  means 
small.  When  the  bed  has  been  divided  up  in  this  way,  the 
work  of  removing  the  pillars  begins.  As  a  rule,  the  attack 
begins  on  pillars  situated  near  the  boundary,  so  that  whilst  the 
first  carving  out  proceeded  towards  the  boundary,  the  removal 
goes  on  in  the  opposite  direction — viz.,  towards  the  shaft.  A 
place  or  drift  a  6  is  worked 
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across  the  pillar  for  a  width 

of  2  to  4  yards,  and  then, 

starting  from  the  drift  a  b, 

the  rectangle  beyond  it  is 

removed  by  drivages,  called 

liftSj    sometimes    two     in 

number,  sometimes  three, 

as    shown    in    the    figure 

and  marked  i,  2  and  3.     It 

may  be  necessary  in  some 

cases  to  leave  a  little  of  the 

pillar,  in  order  to  keep  out 

the  fallen  rubbish  beyond 

and  to  prevent  a  too  sudden 

fall  of  roof.     According  to 

circumstances,  it  may  be  a  corner  of  the  pillar  that  is  left,  or  a 

narrow  strip  on  one  side.     The  working  place  is  timbered  during 

the  removal  of  the  ironstone,  and  when  all  has  been  taken  out 

the  timber  is  withdrawn  and  the  roof  allowed  to  fall.    While  the 

lifts  I,  2,  3  are  being  worked  away,  another  place  c  dia  being 

driven  across  the  pillar,  which  is  a  preparation  for  another  set 

of  lifts,  4,  5,  6 ;  lastly,  lifts  7,  8,  9  are  worked  away,  and  with 

the  exception  of  occasional  small  corners  or  strips,  the  removal 

of  the  pillar  is  complete,  and  its  place  is  taken  by  fallen  rubbish. 

The  ironstone  is  got  by  boring  and  blasting ;  the  holes  are  bored 

by  hand  or  by  machine,  and  gunpowder  is  the  explosive  mostly 

used.     The  jumper  employed  and  the  three  forms  of  mechanical 

augers  have  already  been  described. 

Varieties  of  this  method  of  pillar  working  naturally  occur,  but 
they  all  come  back  to  this  main  principle,  when  the  bed  is  of  a 
thickness  which  enables  it  to  be  dealt  with  in  one  operation. 

Another  example  is  the  bed  of  alluvial  tin  ore,  to  which 
allusion  has  been  made  in  speaking  of  the  sinking  of  a  shaft 
through  mud  near  Falmouth. 

The  bed  of  stanniferous  gravel  varied  in  thickness  from  3 
inches  to  7  feet,  but  as  a  rule  it  was  not  thick  enough  for  men 
to  stand  upright  when  at  work ;  the  maximum  width  was  1 00 
yards.  It  was  reached  by  a  shaft  D  sunk  through  the  mud  of 
the  tidal  creek,  and  also  by  a  shaft  0.  and  level  AA  in  the  hard 
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slate  (Figs.  361  and  362).  Main  levels  EE  were  driven  in  the 
gravel  bed  20  fathoms  apart,  and  air  levels  GG,  all  strongly 
timbered.  Cross  or  stripping  levels  HH,  14  feet  apart,  were 
pushed  out  from  one  air-level  to  the  other,  and  the  gravel  was 
removed  for  a  distance  of  7  feet  on  each  side,  as  shown  by  the 
shading  J.  The  mud  forming  the  roof  was  allowed  to  fall,  and 
fill  up  the  empty  spaces.  The  gravel  was  wheeled  in  barrows 
to  the  main  levels  EE,  and  conveyed  by  a  railway  to  one  of  the 
passes  FF,  which  led  to  large  bins,  whence  it  could  be  drawn 
off  into  waggons  in  the  main  rock-level  AA,  and  sent  to  the 
shaft. 

Drift  mining,  or  the  working  of  auriferous  alluvial  gravel,  is 
carried  on  in  a  similar  manner.  Old  river-beds  which  carry 
gold  are  common  in  California,  and  especially  in  Sierra  and 
Placer  Counties.  These  beds  once  occupied  the  lowest  ground 
of  the  district,  and  became  covered  over  by  true  lava  flows, 
volcanic  ash  and  mud,  sometimes  also  by  the  deposition  of  pipe- 
clay and  infusorial  earth.  The  streams  were  diverted  and  cut 
themselves  new  channels,  which  in  process  of  time  were  so 
much  deepened  as  to  lie  many  hundred  feet  below  the  level 
of  the  old  buried  auriferous  beds.  The  width  and  thickness  of 
the  old  gold-bearing  alluvia  vary  greatly,  as  might  be  expected 
from  observing  the  bed  of  a  river  at  the  present  day,  and  the 
gold  is  not  uniformly  distributed  in  the  gravel.  The  total 
thickness  of  the  gold-bearing  gravel  may  amount  to  as  much 
as  600  feet.  In  drift-mining  the  workings  are  confined  to  the 
**  pay-lead,"  usually  the  very  bottom  of  the  channel,  varying 
from  100  to  150  feet  in  width  on  an  average.  Where  there  is 
a  rich  gravel  with  $5  to  $8  per  cubic  yard,  the  leads  may  be 
only  50  to  75  feet  wide;  where  gravel  with  $2  to  $4  is  being 
mined,  they  are  often  300  feet  to  400  feet  wide. 

By  tracing  the  junction  of  the  underlying  slate  and  the 
volcanic  capping  (Fig.  363),  an  idea  is  obtained  of  the  run  of 
the  ancient  valley,  and  arrangements  are  made  for  reaching  the 
ojd  river-bed,  either  by  an  adit  driven  into  the  hillside,  or  by  a 
shaft  sunk  from  the  top.  Working  by  shafts  entails  the  expense 
of  winding  and  pumping,  and  adits  are  therefore  preferred.  In 
fixing  a  position  for  the  adit,  care  is  taken  to  start  it  so  that  it 
will  come  in  a  little  below  the  level  of  the  gold-bearing  gravel, 
and  so  that  it  will  afford  sufBcient  tip -room  for  the  waste 
material.  The  adit  of  the  Forest  Hill  Divide  Company,  Placer 
County,  is  6co  yards  long,  some  others  are  nearly  a  mile  in 
length  before  getting  underneath  the  old  channel.  When  the 
goal  has  thus  been  attained,  a  level  is  driven  in  the  general 
direction  of  the  '*  lead,"  or,  roughly  speaking,  at  right  angles  to 
the  first  part  of  the  adit ;  the  whole  of  this  work  is  carried  on 
in  the  slate  or  "  bed-rock,"  in  order  to  save  the  cost  of  timber- 
ing and  repairs,  which  would  be  considerable  in   the  gravel 
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itaelf.  RUea  (raigex  or  vpraimi,  U.S.A.)  are  put  up  into  the 
gravel  bed,  and,  after  a  preliminary  diviGion  into  blocks  by  a 
Beries  of  cross  drivages,  the  bed  is  worked  away.  The  gravel 
is  wheeled  to  the  rises  (paaaes,  chutes,  U.S.A.)  leading  to  the 


5'o         $St 
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main  tunael,  and  thence  drops  into  waggons  which  are  drawn 
out  by  horses  to  the  surface. 

It  is  reckoned  in  Placer  County,  Ualifomia,  that,  in  the  case 
of  a  mine  proilucing  ago  tons  (or  carloads)  of  gravel  a  day,  the 
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total  cost  of  getting,  tramming,  washing  and  agency  is  about 
$1.10,  or  4s.  6d.,  per  ton.  The  yield  in  this  region  varies  from 
$1  to  $10  per  ton  (carload),  and  may  be  taken  at  $2.50  or  los. 
per  ton  on  an  average. 

The  method  of  working  by  temporary  pillars  is  not  confined 
to  beds  of  small  or  medium  thickness. 

The  lead- bearing  sandstone  at  Mechernich  furnishes  a  good 
example  of  what  can  be  done  in  a  rock  which,  though  far  from 
being  hard,  will  nevertheless  allow  large  excavations  to  be  made 
without  any  timber.  As  has  been  already  mentioned,  the  bed 
of  sandstone  is  sometimes  as  much  as  100  feet  thick.  Drivages 
are  made  in  the  bottom  part  of  the  bed,  about  2  m.  high  by  2  m. 
wide,  and  these  are  followed  by  a  series  of  cross  drivages,  divid- 
ing the  bed  up  into  a  number  of  square  pillars,  6  m.  by  6  m., 
or  8  m.  by  8  m.,  resembling  the  squares  of  a  chess-board.  Then, 
beginning  at  the  outer  part  of  the  boundary  of  the  sett,  the 
miners  proceed  to  remove  the  whole  of  the  sandstone  from  the 
floor  to  the  roof,  and  at  last  let  the  roof  of  conglomerate  fall  in. 
As  a  rule  they  convert  the  space  covered  by  four  adjacent  pillars 
into  one  chamber.  This  is  done  by  cutting  round  each  of  the 
four  pillars  and  gradually  reducing  it  in  size,  until  at  last  there 
is  an  open  space  where  the  four  pillars  stood,  say  a  square  22 
to  24  yards  (20  to  22  m.)  on  the  side,  the  height  still  being  the 
same  as  that  of  the  original  drivages — i.e,,  2  metres.  Standing 
upon  the  broken  rock,  the  men  now  attack  the  roof,  which  they 
can  often  get  away  in  layers  of  about  5  feet  in  thickness,  by 
cutting  a  big  groove  round  the  periphery  of  the  chamber  and 
often  putting  in  a  suitable  blast.  The  central  part  wUl  then 
fall  in  one  mass,  breaking  up  as  it  strikes  the  ground.  A  second 
layer  is  taken  off  and  the  chamber  again  heightened  5  feet. 
While  this  work  is  going  on  the  roof  is  sounded  by  being  struck 
with  a  long  pole.  The  miners  learn  by  the  sound  given  out 
whether  the  rock  is  firm  or  not,  and  regulate  their  work  accord- 
ingly. They  work  upwards  till  they  reach  the  conglomerate, 
and  having  cleared  out  all  the  ore  allow  the  roof  to  fall  in.  It 
is  important  that  the  roof  should  fall  in,  because,  as  long  as  it 
remains,  it  throws  its  weight  upon  the  other  adjacent  pillars ; 
but  when  it  has  come  down,  the  pillars  have  only  to  support 
the  weight  of  the  strata  immediately  above  them.  In  the 
direction  of  the  dip,  the  chambers  are  sometimes  made  larger, 
and  six  pillars  are  taken  instead  of  four.  With  a  very  strong 
roof  the  chambers  may  even  cover  an  area  of  109  yards  by  43 
yards  (100  m.  by  40  m.). 

At  Mechernich  the  workings  are  arranged  so  that  the  chamber 
remains  open  until  the  last  moment,  the  roof  not  falling  in  till 
the  completion  of  the  process  of  excavation.  The  sulphur  seams 
of  Sicily  are  wrought  differently.  The  thick  beds  are  pierced 
by  networks  of  tunnels  superposed  one  above  the  other,  and  the 
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workings  are  allowed  to  fall  in.  After  a  time,  when  the  collapse 
is  complete,  the  miners  make  drivages  in  the  mass  of  crushed 
and  broken  pillars,  and  so  reap  a  second  harvest. 

The  details  of  the  mode  of  procedure  are  as  follows :  When 
the  dip  of  the  beds  is  less  than  30°,  one  set  of  tunnels  is  driven 
along  the  strike  and  another  set  along  the  line  of  dip.  The 
tunnels  are  made  8  to  13  feet  (2*5  to  4  m.)  wide.  Those  along 
the  strike  are  8  to  13  feet  apart,  and  diose  along  the  dip  10  to 
1 6  feet  apart,  leaving  rectangular  pillars  between  them.  If  the 
dip  exceeds  45°,  tunnels  as  before  are  driven  along  the  strike, 
and  these  are  intersected  by  horizontal  cross  tunnels  running 
from  the  roof  to  the  floor  of  the  deposit.  The  height  and  width 
of  these  tunnels  do  not  as  a  rule  exceed  10  feet  (3  m.).  If  the 
bed  is  thick  the  tunnels  are  traced  out  in  superposed  planes, 
leaving  a  solid  slice  of  ground  8  to  10  feet  (2*5  to  3  m.)  thick 
between  any  two  successive  networks  of  drivages. 

The  first  part  of  the  process  is  now  complete,  and  it  is  followed 
by  the  thinning  of  the  pillars.  Beginning  near  the  boundary  of 
the  mine,  a  tunnel  is  driven  through  a  pillar,  or  two  tunnels  are 
driven  if  it  is  a  big  one.  The  sides  of  the  tunnels  are  cut  away 
gradually,  until  at  last  the  weight  of  the  superincumbent  rock 
breaks  down  what  remains  of  the  pillar ;  sometimes  shots  are 
put  in  to  effect  or  hasten  the  fall.  As  much  sulphur  rock  as 
possible  is  taken  out,  and  the  next  pillar  is  treated  in  the  same 
way,  and  so  on,  always  proceeding  from  the  boundary  towards 
the  shaft. 

This  method  of  working  has  been  the  cause  of  the  worst 
accidents  and  of  the  majority  of  the  fires,  especially  when  the 
stratum  is  thick,  and  several  sets  of  tunnels  have  been  driven 
one  above  the  other.  In  some  parts  of  the  Colle  Croce  mines, 
Lercara,  there  have  been  as  many  as  ten  working  horizons  one 
above  the  other,  each  horizon,  or  slice,  being  16  feet  (5  m.) 
thick,  and  the  bed  itself  164  feet  (50  m.).  Sometimes  mines 
of  this  kind  have  '*  caved  in  "  of  themselves ;  in  other  cases  the 
general  breaking  up  and  crushing  together  has  been  produced 
intentionally  by  bringing  down  some  of  the  lowest  pillars  by  a 
few  shots.  During  this  crush  the  heat  produced  by  the  friction 
of  great  masses  of  rock  falling  against  one  another  is  sufficient 
to  make  the  sulphur  take  fire.  The  mine  is  then  closed,  and 
the  fire  eventually  dies  out  for  want  of  oxygen,  though  there 
are  instances  of  fires  going  on  burning  for  more  than  sixty 
years.  When  the  fire  is  supposed  to  be  completely  extinguished, 
work  is  begun  in  the  broken  mass,  by  driving  a  series  of  tunnels, 
along  much  the  same  lines  as  those  made  originally  in  the  virgin 
bed.  The  tunnels  are  supported  by  walling  and  timber.  A 
similar  network  is  then  made  at  a  level  of  18  feet  (5-50  m.) 
above,  and  in  some  instances  there  are  three  such  sets  of  levels 
in  "the  broken"  one  above  the  other.     The  tunnels  of  the 
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lowest  horizon  are  widened  out,  and  by  means  of  suitable  shots 
the  whole  mass  of  broken  rock  is  made  to  fall  again,  and  of 
course  the  tunnels  disappear.  This  process  of  making  a  net- 
work of  levels  at  two  or  three  horizons  is  repeated,  and  the 
"  caving-in  "  is  brought  about  again  until  the  sulphur-bearing 
rock  is  exhausted,  or  so  much  barren  stuff  from  the  roof  is 
mixed  with  it  as  to  make  the  work  unprofitable. 

The  crushes  themselves  have  not  generally  been  accompanied 
by  accidents,  but  work  in  the  broken  ground  has  been  very 
fatal. 

For  working  these  deposits,  and  especially  the  thick  ones,  a 
filling-up  method  is  preferable,  and  the  "ginesi,''  or  residues 
from  the  treatment  of  the  sulphur-rock  in  kilns,  are  ready  at 
hand  as  the  most  convenient  material  for  the  purpose. 

The  fiUing-up  method  enables  the  sulphur  bed  to  be  worked 
away  completely,  whereas  with  the  method  of  networks  of  drivages 
followed  by  falls,  fully  one-fifth  or  even  one-fourth  of  the  mineral 
is  lost.  Besides,  there  are  fires  and  subsidences  of  the  ground 
causing  fissures  which  let  water  in,  and  therefore  producing  more 
danger  to  the  men  and  also  to  the  adjoining  mines. 

The  Italian  Inspectors  of  Mines  are  of  opinion  that  poor  beds, 
which  could  not  be  wrought  profitably  by  the  filling-up  process, 
may  in  certain  exceptional  cases  be  worked  by  the  old  method, 
because  the  firmness  of  the  rock  increases  as  the  percentage  of 
sulphur  diminishes.  However,  they  limit  the  number  of  super- 
posed working  floors  to  three,  and  stipulate  that  an  upper  floor 
shall  be  entirely  worked  out  before  a  lower  one  is  taken  away. 

It  is  estimated  that  in  the  year  1889  only  43  per  cent,  of  the 
sulphur  produced  in  Sicily  came  from  virgin  ground,  and  that  all 
the  rest  was  obtained  from  drivings  among  broken  pillars  and 
workings  that  had  '*  caved  in.'' 

Large  excavations  in  the  collieries  of  Silesia  and  Pennsylvania 
are  now  being  economically  and  successfully  packed  by  a  water- 
flush  system.  Fine  waste  from  the  washeries,  or  granulated 
blast-furnace  slag  is  carried  down  into  the  mine  by  a  current  of 
water  in  pipes,  and  allowed  to  settle.  The  chambers  are  thus 
completely  filled  up,  and  the  intervening  pillars  can  then  be 
removed  with  safety.  This  method  has  been  adopted  for  work- 
ing the  bituminous  limestone  at  Limmer-,  near  Hanover.  The 
portions  of  the  deposit  mined  are  replaced  by  water-borne  sand. 

B.  Longwall. — Having  discussed  the  various  ways  of  work- 
ing a  bed  by  permanent  or  temporary  pillars^  we  now  come  to 
the  so-called  longwall  method.  In  this  case  there  is  no  pre- 
liminary carving  out  into  pillars,  but  the  mineral  is  worked  away 
in  long  faces,  whence  the  name  applied  to  the  system. 

A  typical  case  is  found  in  the  workings  for  copper  shale  in  the 
Mansfeld  district,  Germany. 

The  bed,  as  already  mentioned,  is  usually  from  3  to  5  inches 
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thick,  but  it  makes  up  for  its  thinness  and  poverty  by  its 
uniformity  of  yield,  at  all  events  compared  with  a  mineral  vein. 
It  is  worked  for  a  distance  of  ii  miles  (i8  kil.)  along  the 
strike,  and  the  present  plan  of  operations  consists  in  having  a 
set  of  shafts  for  every  2^  miles  (4  kil.^,  that  is  to  say  a  set  of 
shafts  serves  for  the  workings  i^  mile  (2  kil.)  on  each  side  of  it. 
The  great  difficulties  encountered  in  sinking  shafts  through  the 
watery  measures  above  the  copper  shale  have  led  to  the  adoption 
of  the  system  of  driving  out  long  crosscuts  to  intersect  the  bed 
on  the  floor  side.  These  crosscuts  can  be  driven  with  speed  by 
machine-drills,  and  various  mechanical  means  are  available  for 
haulage.  On  the  other  hand,  in  spite  of  bhe  considerable  im- 
provements which  have  been  introduced  into  shaft  sinking  by 
the  Kind-Chaudron  process,  much  time  is  required  and  a  very 
heavy  expenditure  of  capital.  There  is  also  the  consideration 
that  if  the  shafts  were  on  the  roof  side,  crosscuts  would  have  to 
be  driven  at  the  level  of  the  adit  in  order  to  get  rid  of  the 
water.  These  crosscuts  would  sometimes  traverse  the  trouble- 
some gypseous  measures,  full  of  unknown  pools,  and  they  would 
be  above  the  worked-out  bed  of  copper  shale  and  therefore  be 
subject  to  slight  sinkings  of  the  ground.  Crosscuts  in  the 
measures  below  the  copper  shale  do  not  present  these  diffi- 
culties. Of  course  it  would  be  possible  to  lift  the  water  to  the 
surface  and  not  discharge  it  into  the  adit  This  would  entail 
extra  expense  for  pumping,  and  in  this  particular  instance  there 
is  the  further  objection  that  the  water  is  so  salt  that  it  cannot 
be  discharged  without  damage  into  any  small  brook.  It  there- 
fore becomes  necessary  to  conduct  it  into  a  river  like  the  Saale, 
too  big  to  be  seriously  affected  by  the  briny  stream  from  the 
mines. 

The  workings  are  arranged  in  a  succession  of  floors  taken 
exactly  62*7  m.  apart.  This  distance  is  the  equivalent  of  30 
German  fathoms,  and  is  68^  yards.  To  save  expense,  crosscuts 
are  put  out  from  the  shaft  at  every  second  floor,  that  is  to  say, 
they  are  vertically  125*4  metres  one  below  the  other.  Drivages 
along  the  strike  are  pushed  out  on  each  side  of  the  crosscut, 
and  by  putting  up  "rises''  each  level  is  brought  into  com- 
munication with  the  one  above.  Intermediate  tunnels  are  then 
driven  along  the  shale  from  a  point  midway  between  the  two 
crosscuts,  and  the  bed  is  now  traversed  by  levels  along  the 
strike,  at  intervals  of  627  metres  vertically,  which  constitute  the 
main  working  roadways.  As  the  dip  is  about  5*  or  6°,  the  distance 
from  one  main  roadway  to  the  next  is  as  much  as  600  to  800 
yards,  and  constitutes  a  long  working  face  or  *'  longwall."  In 
Fig.  364,  A  B  represents  a  main  level,  and  C  D  the  next  one 
below  it.  E  F  is  the  working  face,  which  is  cut  away  gradually 
till  it  becomes  E'  F',  and  then  E"  F",  and  so  on. 

This  working  face  is  occupied  by  a  string  of  miners,  in  fact  as 
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many  are  employed  as  the  space  will  accommodate.  Xlie  work- 
man lies  upon  his  left  side,  reposing  upon  a  sboulder-board  and 
a  leg-board.  The  latter  is  strapped  to  the  thigh,  but  the  former 
is  free,  and  is  shifted  as  required.  The  work  comprises  the  fol- 
lowing successive  operations — (1)  Holing  with  the  pick;  (2) 
wedging  down  the  copper  shale ;  (3)  blasting  down  the  roof  1 
(4)  stowing  the  deads.  The  holing  is  done  in  the  lowest  part  of 
the  bed  of  copper  ore,  along  the  hard  and  smooth  floor.  Enough 
of  the  roof  is  taken  down  to  give  the  miner  juat  room  enough  to 
do  his  work.  It  is  best  to  have  a£  much  as  13  inches  {58  cm.), 
but  if  there  is  a  convenient  smooth  plane  of  bedding  for  forming 
the  roof  at  a  height  of  18J  inches  (47  cm.)  no  more  is  taken 
down;  indeed,  in  some  exceptional  cases  the  height  is  only  15I 

Fio.  364. 
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inches  (40  cm.).  The  barren  rock  serves  as  material  for  stowing 
or  filling  up,  and  as  the  quantity  is  more  than  sufficient  for  this 
purpose,  some  of  it  has  to  be  drawn  up  to  the  surface. 

It  is  necessary  to  have  roads  for  taking  away  the  ore  from  the 
face,  and  they  are  formed  by  reserving  passages  in  the  stowing 
and  by  blasting  down  the  roof,  so  as  to  give  sufficient  height. 
These  divisional  roads  are  shown  by  the  letters  a  b,  e  d,  ef,  &c. 
The  interval  between  them  varies  from  50  to  130  yards;  and  in 
all  cases  there  are  diagonal  branch  roads  leading  from  the  rail- 
road towards  the  face,  which  is  finally  reached  by  the  so-called 
"  Fabrten."  They  are  low  passages  in  the  stowing,  along  which 
the  ore  is  dragged  in  little  carta  by  boys.  The  diagonal  roods, 
however,  are  made  5  feet  high  by  blasting  down  the  roof. 
Owing  to  the  small  scale  of  the  diagram  it  is  impossible  to  show 
all  the  branch  roads  connecting  the  working  face  with  the  levels 
running  along  the  strike.     The  direction  given  to  the  working 
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face  is  a  matter  of  importance,  for  it  enables  the  amount  of 
pressure  coming  upon  the  rock  to  be  varied.  The  pressure  is 
felt  most  when  the  face  is  parallel  to  the  strike  and  the  working 
carried  up  to  the  rise ;  it  is  felt  least  when  the  face  is  parallel 
to  the  strike  and  the  work  is  proceeding  downwards.  If  the 
face  runs  in  a  direction  parallel  to  the  line  of  dip,  the  pressure  is 
intermediate  in  amount.  Therefore  by  regulating  the  line  of 
the  face,  the  mining  authorities  have  it  in  their  power  to  cause 
what  amount  of  pressure  they  think  most  desirable  for  the  work. 
As  a  rule  the  line  chosen  for  the  working  face  lies  somewhere 
between  the  line  of  strike  and  the  line  of  greatest  dip. 

In  new  ground  in  the  deeper  workings,  holing  with  the  pick 
is  a  very  laborious  operation,  and  has  on  that  account  been  given 
up ;  in  such  places  the  shale  is  got  by  blasting.  Af  tor  the  lapse 
of  three-quarters  of  a  year  or  a  year  and  a  half,  when  a  large 
area  has  been  worked  away  and  the  roof  begins  to  subside  upon 
the  stowing,  pressure  is  felt  on  the  working  face  and  the  holing 
becomes  much  easier.  In  order  to  bring  about  this  stato  of 
afiPairs  as  soon  as  possible,  rock-drills  worked  by  compressed  air 
have  been  employed  in  getting  the  ore. 

The  Mansfeld  longwall  has  the  peculiarity  that  more  deads 
are  produced  than  can  be  stowed  away  in  the  excavations ;  these 
are  therefore  packed  very  full  and  the  amount  of  subsidence  is 
not  great. 

In  some  other  varieties  of  the  longwall  method  there  is  no 
stowing  at  all  and  the  roof  is  allowed  to  fall  in,  or  the  amount 
of  rubbish  produced  by  the  seam  is  insufficient  to  fill  up  the 
empty  spaces.  There  is  also  a  diversity  of  practice  with  regard 
to  the  direction  in  which  the  longwall  face  is  carried,  sometimes 
the  seam  is  worked  by  longwall  outwards— that  is  to  say,  the 
face  is  carried  from  the  neighbourhood  of  the  shaft  towards  the 
boundary  of  the  property,  in  others  it  is  carried  "  homewards  " 
from  the  boundary  towards  the  shaft. 

VEINS. — In  the  case  of  a  vein,  an  exploratory  pit  is  often 
sunk  upon  it  for  20  or  30  fathoms,  and,  if  the  indications  found 
in  driving  out  levels  warrant  further  prosecution  of  the  mine,  a 
first  working  shaft  is  put  down  to  intersect  the  lode  at  a  depth 
of  100  fathoms  or  more  from  the  surface.  Crosscuts  are  then 
driven  out  at  intervals  of  10,  15,  and  20  fathoms  to  reach  the 
lode  as  shown  in  Fig.  365,  which  represents  a  section  at  right 
angles  to  the  line  of  strike.  Sometimes  the  main  shafts  are 
carried  down  all  the  way  along  the  dip  of  the  vein,  though 
perpendicular  shafts  have  the  advantage  of  being  better  suited 
for  quick  winding  and  cheap  pumping,  to  say  nothing  of  the 
rapid  ascent  and  descent  of  the  miners  in  cages.  If  an  inclined 
shaft  appears  to  be  advisable,  great  care  should  be  taken  to  sink 
it  in  a  straight  line.  The  worst  shafts  are  the  crooked  ones  so 
common  in   Cornwall,  vertical  perhaps  for  the  first  hundred 
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fathomH  until  the  lode  ia  struck.,  and  then  carried  downwards 
along  its  varying  dip. 

Whatever  kind  of  shaft  is  adopted,  levels  are  driven  out 
along  the  strike  of  the  lode,  as  shown  in  the  longitudinal  section 
(Fig.  366),  in  the  hope  of  meeting  with  valuable  ore-bodies  such 
as  are  represented  by  the  stippled  portions  of  the  figure.  For 
the  purpose  of  affording  ventilation,  and  still  further  exploring 
the  ground  and  working  it,  intermediate  shafts,  called  tvimes 
(Cornwall),  or  guii'ps  (North  Wales),  are  sunk  in  the  lode  from 
one  level  to  the  other.  In  some  cases  the  communicating  passage 
is  excavated  upwards,  or,  in  other  words,  the  miner  "  puts  up 
a  rise."  When  the  communication  is  complete,  there  is  no 
difference  whatever  between  a  rise  and  a  winze. 

On  looking  at  the  longitudinal  section  (Fig.  366),  which  may 

FiQ.  365.  Fig.  366. 


be  regarded  as  representing  a  common  state  of  things,  it  will  at 
once  be  remarked  that  only  certain  parts  of  the  vein  are  valuable. 
When  dealing  with  a  bed  or  seam,  we  constantly  find  that  tlte 
whole  area  covered  by  it  can  be  worked  away  profitably.  With 
a  lode  this  is  the  exception,  and  therefore  the  problem  of  exploit- 
ation is  not  the  same  in  the  two  cases.  The  vein-miner  has  to 
remove  portions  of  a  sheet-like  deposit  usually  dipping  at  a  high 
angle,  and  the  bed-miner  to  excavate  the  whole  of  a  sheet-like 
deposit  lying  frequently  nearly  horizontal.  The  unworked  por- 
tions of  the  lode  serve  to  support  the  hanging  wall,  and  form  in 
this  way  the  equivalent  of  irregular  pillars. 

The  actual  mode  of  removing  the  valuable  part  of  the  lode 
itself  depends  a  great  deal  upon  circumstances — viz.,  its  width, 
the  nature  of  its  contents,  and  that  of  the  walls  or  enclosing 
rock ;  but  the  methods  of  working  may  generally  be  brought 
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under  one  or  two  heads — viz.,  underhand  stoping  or  overhand 
stoping.  The  word  "  stope  "  is  equivalent  to  step,  and  the  term 
"  stoping  "  means  working  away  any  deposit  in  a  series  of  steps. 
Underhand  or  bottom  stopes  are  workings  arranged  like  the 
steps  of  a  staircase  seen  from  above,  whilst  overhand  or  back 
stopes  are  like  similar  steps  seen  from  underneath.  Both 
methods  have  their  advantages  and  disadvantages,  and  both  are 
largely  used. 

We  will  first  take  underhand  stoping,  as  this  is  the  older 


Fig.  367. 


Fig.  368. 
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method.  In  the  old  days  the  miner  began  in  the  floor  of  the 
level  (Fig.  367),  and  sank  down  a  few  feet,  removing  the  part  i ; 
he  followed  with  2,  3,  4,  &c.,  until  the  excavation  finally  pre- 
sented the  appearance  shown  in  Fig.  368.  Any  valueless  rock 
or  mineral  was  deposited  upon  platforms  of  timber  (sfulls),  and 
the  ore  was  drawn  up  into  the  level  by  a  windlass.  One  great 
disadvantage  of  this  method  was  the  cost  of  winding  up  the  ore 
and  water  by  hand  labour.    At  the  present  day  the  disadvantage 

would  not  be  so  great,  because 


Fig.  369. 


power  is  so  easily  conveyed  to 
underground  winches  by  com- 
pressed air  or  electricity.  There 
always  remains,  however,  the 
necessity  of  providing  much 
timber  for  the  stulls,  if  there 
is  a  large  quantity  of  worthless 
^^_^__^^^^  stuff  in  the  vein,  or  if  the  sides 
/ / ^  / / / / /     *re  weak.     The  advantages  are 

that  ore  can  be  worked  away 
as  soon  as  a  level  is  driven,  that  the  men  are  always  boring 
downwards,  and,  lastly,  that  the  ore  can  be  carefully  picked 
after  it  is  broken,  without  fear  of  any  valuable  particles  being 
lost. 

A  more  economical  method  of  working  by  underhand  stopes, 
and  one  employed  in  Cornwall  at  the  present  day,  consists  in 
reserving  any  attack  upon  the  ore-ground  until  a  lower  level  has 
been  driven.     A  connection  is  then  made  between  the  two  levels 
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from  the  upper  one,  or  by  putting  up  a  rise 
couimenced  ham  the  two  upper  ends  of 
Fio.  371. 


by  sinking  a  wi 

from  the  lower 

The  work  of  etoping  is 

this  intermediate  shaft, 

and  the  lode  is  removed 

in  a  succession  of  steps, 

the  workings  assuming 

the  appearance  exhibited 

in  Fig.  369.    The  steps 

aregenerallymadesteep, 

so    that     the    ore   may 

readily    roll   down    into 

the  winze,  and   so   that 

the    boreholes    may    do 

better    execution  ;     but 

these  steep   stopes   are 

dangerous     if     a     man 

happens     to     slip    aud 

fall.      The    huge    open 

chasms   left  by   the  re- 
moval of  a,  wide  lode  in 

this  way  are  also  a  source 

of  danger,  for   there   is 

always  a  risk  of  falls  of 

rock,    and  from   places 

which   cannot  easily  be 

examined. 

Figs.    370    and     371 

explain      the      general 

arrangements  for  work- 
ing Dolcoath,  the  largest 

tin    mine   in   Cornwall. 

The  lode,  after  produc- 
ing copper  ores  for  a  con- 
siderable depth,  changed  its  character  aud  became  rich  in  tin. 
The  workings  for  tin  iire  con- 
fined almost  entirely  to  the 
granite.  The  section  (Fig, 
371)  shows  that  the  main 
shaft  of  the  mine  is  at  first 
vertical  and  then  carried  down 
on  the  dip  of  the  lode.  The 
mine  is  now  considerably 
deeper  than  indicated  in 
the  figures,  but  the  method 
of      working      remains      the 

The  process  of  overhand  stopinff  is  precisely  the  reverse  of  that 
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which  has  been  described  :  the  work  is  commenced  from  a  rise 
(Fig.  372,  A),  or  better,  from  the  two  ends  of  a  winze  (Fig. 
372,  U).  As  soon  OB  the  men  have  excavated  a  aufGcient  height 
of  the  level,  they  put  in  strong  pieces  of  timber  from  wall  to  wall 
{jtitempeli,  »tvH-pieee»),  and  cover  these  cross-pieces  with  boards 

Kio.  373.  FiQ.  374. 
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or    poles,   and    throw   down  the   rubbish    upon    the    platform 

(stall)  thus  formed.      In   the    midst  of  the  rubbish,  cbimney- 

like  openings  (mUU,  jxuses)  are  reserved,  lined  with  boards  or 

dry  walling,  and  closed  at  the  bottom  with  shoots  provided  with 

door^t.     The  ore  is  thrown  into  these  passes,  which  are  tapped 

when  necessary.     The  ore  falls  into 

Fia.  375.  the  bum-waggon  placed  ready   to 

receive  it, 

Fig-  373  is  a  transverse  section, 
showing  the  rubbish  resting  on  the 
etulls.       This    may    be   called    the 
typical  mode  of  stopiug,  when  the 
lode  affords  enough  rubbish  for  the 
men  to  stand  on,  and  to  keep  them 
close  to  the  rock  they  are  attacking. 
Very  often  such   is   not  the   case, 
and  the  whole  of  the  lode  has  to  be 
sent  up  to  the    surface    for  treat- 
ment.     If    the    walls  are    firm,    a 
stull  is  put  in,  and  a  sufficient  heap 
of    broken   ore   is  left  upon   it  to 
give  the  men  good  standing  ground ;  the  excess  is  thrown  over 
the  ends  of  the  stull,  or  the  great  heap  is  tapped  by  cutting 
a  hole  in  the  supporting  platform  and  letting  a  quantity  of  ore 
run  down  into  the  level. 

Another  method  consists  in  putting  in  temporary  platforms 
upon  which  the  men  stand  to  do  their  work,  whilst  the  excavation 
is  left  as  an  open  space  (Fig.  374  and  Frontispiece),  This  mode 
of  working  is  incompatible  wi^  weak  walls.     If  a  lode  does  not 
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afford  rubbish  enough  for  completely  filling  up  the  excavated 
space,  or  if  it  is  too  narrow  for  the  men  to  do  their  work  com- 
fortably, one  of  the  walls  may  be  cut  into  and  blasted  down 
(Fig.  375),  in  order  to  give  the  men  a  firm  bed  of  rubbish  to 
stand  on  while  at  work,  and  to  prevent  any  chance  of  a  collapse 
of  the  mine.  In  certain  special  cases  rubbish  is  sent  down  from 
the  surface  to  fill  up  the  excavations. 

The  advantages  of  overhand  stoping  are — that  the  miner  is 
assisted  by  gravity  in  his  work,  that  no  ore  or  rock  has  to  be 
drawn  up  by  hand  labour,  and  that  less  timber  is  required.  On 
the  other  hand,  the  miner  is  always  menaced  by  falls  of  the  roof 
of  his  working  place ;  but  as  he  is  close  by,  he  can  constantly  test 
the  solidity  of  the  roof  and  sides  by  sounding  them  with  his 
sledge.  If  the  rock  rings  clearly  he  feels  safe,  but  if  it  emits  a 
dull  hollow  sound  he  knows  that  it  must  be  taken  down  at  once, 
or  be  supported  in  some  way.  A  last  disadvantage  of  overhand 
compared  with  underhand  stopes,  is  the  chance  of  valuable 
particles  of  ore  being  lost  in  the  rubbish ;  but  this  loss  can  be 
prevented  by  laying  down  planks  or  sheets  of  iron  while  the  lode 
is  being  broken  down. 

When  a  seam  is  highly  inclined,  the  system  of  working  is 
often  identical  with  that  pursued  in  the  case  of  a  mineral  vein. 
Thus  in  the  Transvaal  the  beds  of  gold-bearing  conglomerate  are 
cut  up  into  blocks  by  horizontal  levels  and  by  small  intermediate 
shafts  following  the  dip.  Each  rectangle  is  about  120  feet  long 
and  120  feet  high,  and  it  is  worked  away  by  a  process  of  overhand 
stoping. 

When  very  wide  lodes  have  to  be  worked,  recourse  is  often 
had  to  a  filling-up  method,  and,  indeed,  such  a  method  becomes 
imperative  if  the  sides  are  weak.  The  great  lode  at  the  famous 
Van  mine,  in  Montgomeryshire,  once  the  premier  lead  mine  of 
the  United  Kingdom,  had  to  be  worked  in  this  fashion,  and  as 
the  work  was  carried  out  very  carefully  and  systematically,  no 
better  example  of  the  method  can  be  chosen. 

The  lode  is  evidently  a  fissure  vein  as  it  cuts  across  the  planes 
of  bedding  and  of  cleavage  of  the  adjacent  slate  rock.  It  is  com- 
posed of  three  parts:  the  flucan  or  soft  lode  B  (Fig.  376),  the 
bastard  lode  C,  and  the  regular  lode  E.  The  fiucan  consists  of 
clay  and  soft  broken  slate.  The  bastard  lode  is  a  mass  of  slate 
rock,  4  or  5  fathoms  wide,  between  the  flucan  and  the  regular 
lode ;  it  is  much  softer  than  the  true  countt^y  and,  though 
intersected  by  numerous  small  strings  of  galena,  is  rarely  rich 
enough  to  be  worked.  The  regular  lode  consists  of  masses  of 
slate  traversed  by  veins  of  galena,  or  it  is  a  breccia  of  fragments 
of  slate  cemented  together  by  quartz,  galena,  and  blende.  The 
regular  lode  was  at  times  as  much  as  48  feet  (14*60  m.)  wide, 
and  if  the  excavation  formed  by  the  removal  of  such  a  quantity 
of  rock  had  been  left  open,  the  hanging  wall  would  speedily  have 
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fallen  in,  and  indeed  even  during  the  progress  of  the  work  the 
men  vould  have  been  exposed  to  very  great  danger.  A  filling-up 
method  was  therefore  adopted,  and  as  soon  as  the  ore  had  been 
removed  the  open  spaces  were  packed  with  rubbish. 

Crosscuts  were  driven  out  at  vertical  intervals  of  about  1 5 
fathoms  to  reach  the  Jtwan  B,  which  was  chosen  for  driving  a 
preliminary  east  and  west  level  on  account  of  its  softness.  This 
preliminary  level  enabled  the  regular  lode  to  be  reached  very 
quickly  in  several  places  by  abort  crosscuts,  from  which  the  first 
level  in  the  lode  was  pushed  out  east  and  west. 

The  neit  process  consisted  in  stripping  away  both  sides  of  the 
level,  as  far  as  the  footwall  on  the  north  and  the  bastard  lode  on 
the  south,  unless  the  latter  happened  to  be  productive,  in  which 
case  it  likewise  was  excavated.  This  left  a  space  about  7  feet 
high,  which  was  at  once  filled  with  deads,  save  a  working  level 
reserved  in  the  middle,  which  was  properly  secured  with  timber. 
Endeavours  were  always  made  to  keep  this  level  as  straight  as 
possible,  so  as  to  facilitate 

the  tramming.    The  letter  H  f  jg_  ^jf,_ 

in  Fig.  376  represents  this 
working  level.  Upon  its 
GompleUon  the  preliminary 
level  became  auperfiuous ; 
the  timber  was  drawn  out 
and  allowed  to  crush  together, 
as  shown  in  the  lower  part  of 
the  figure. 

In  the  meantime,  starting 
from  the  level  above,  winzes 
were  sunk,  30  to  30  fathoms 
apart,  in  the  flucan  or  in  the 
lode  itself,  if  the  flucan 
happened  to  be  too  far 
away    from    the    productive 

part.  The  winzes  served  not  only  for  ventilation,  but  also  as 
shoots  for  the  rubbish  used  in  fiJUng  up ;  they  were  called  peugen, 
I  (Fig.  376).  They  were  carefully  timbered  and  divided  into 
two  compartments  ;  one  was  used  as  a  passage  for  the  rubbish, 
the  other  was  provided  with  ladders,  and  formed  a  footway, 
besides  affording  access  to  the  other  compartment,  in  case  it 
became  choked  with  the  waste  rock  shot  down  it. 

As  soon  as  arrangements  for  supplying  the  deads  were  complete, 
st»ping  was  begun.  The  height  taken  oR  in  each  stope  varied, 
according  to  the  firmness  of  the  lode,  from  z  to  6  feet,  and  when 
the  ore  was  removed  the  excavation  was  packed  with  rubbish  (D) 
drawn  down  from  the  nearest  pass,  such  as  I  (Fig-  376},  and 
wheeled  in  a  barrow  to  the  place  where  it  was  wanted.  As  the 
piigseswere  made  at  close  intervals,  the  amount  of  wheeling  was 
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very  little. ,  The  broken  ore  was  thrown  down  into  a  pass  or  mill, 
K,  whence  it  could  be  drawn  off  at  pleasure  into  a  waggon.  The 
ore-passes  were  of  the  same  size  as  the  winzes  sunk  for  letting 
down  the  rubbish,  and  were  timbered  and  divided  into  two 
compartments  in  the  same  way. 

The  lode  itself  furnished  enough  rubbish  to  fill  up  about  one- 
third  of  the  excavation ;  waste  rock  was  likewise  obtainable  from 
workings  in  dead  ground,  such  as  crosscuts,  and  the  preliminary 
or  permanent  levels ;  and  finally  slate  was  quarried  at  the  surface, 
shot  down  special  shafts,  and  trammed  through  a  level  such  as  P, 
and  a  crosscut  N  and  level  H,  to  any  special  pass  where  it  was 
required.  To  prevent  any  loss  of  ore  among  the  loose  stones  used 
for  filling  up  (stomng),  it  was  usual  to  spread  over  the  top  of  the 
rubbish  a  layer  of  soft  flucan  for  a  depth  of  a  few  inches, and  when 
the  lode  had  been  stoped  away  to  the  required  height,  this  floor 
was  shovelled  into  the  ore-passes  and  went  to  the  dressing  floor 
with  the  rest  of  the  stuff.  It  was  found  cheaper  and  better  to 
dress  a  few  extra  tons  of  stuff  than  to  pay  for  laying  down  boards 
or  sheets  of  iron  to  catch  the  fine  ore. 

Slice  after  slice  was  taken  off  in  this  way,  and  the  long  working 
face  formed  by  the  roof  of  the  stopes  corresponded  in  some  measure 
to  a  longwall  face  in  bed  mining.  On  arriving  within  1 2  feet  of 
the  old  workings  above,  packed  with  rubbish,  it  was  unadvisable 
to  make  openings  of  the  full  width  of  the  lode,  and  the  ore  was  got 
by  crosscuts.  A  level  was  driven  along  the  strike  in  the  middle 
of  the  lode,  or  on  one  side  if  more  convenient ;  crosscuts,  from  5 
to  8  feet  wide,  were  started  from  each  side  of  it,  and  driven  north 
and  south  to  the  footwall  and  hanging  wall  respectively,  the 
ground  being  supported  by  strong  props  of  timber.  The  lode 
standing  on  the  sides  of  the  crosscut  was  then  removed  by  a 
series  of  cross  drivages  similar  to  the  original  crosscut,  only,  as 
one  side  was  free,  the  work  was  much  less  expensive,  costing 
about  j£4  per  fathom  instead  of  ^10.  The  empty  spaces  were 
packed  with  waste  to  the  top,  and  as  much  of  the  timber  was 
drawn  away  as  could  be  removed  with  safety. 

When  the  lower  half  of  the  12 -feet  slice  had  been  taken  away 
in  this  fashion  by  a  series  of  short  contiguous  cross  drivages, 
another  level  was  driven  along  the  strike  above  the  old  one  which 
had  been  filled  with  rubbish.  Crosscuts  similar  to  the  ones  below 
were  driven,  save  that  spilling  had  to  be  resorted  to,  as  the  roof 
was  formed  of  the  deads  of  the  earlier  workings.  Whilst  this 
work  was  going  on,  the  miners  could  recover  any  pieces  of  timber 
which  had  been  left  in  the  midst  of  the  rubbish  used  for  stowing 
the  lower  half  of  the  slice.  The  legs  or  forks  were  always  put  in 
with  the  large  end  uppermost,  and  could  be  drawn  up  by  putting 
a  chain  round  the  top  and  applying  a  lever.  As  soon  as  the 
upper  half  of  the  12 -feet  slice  had  been  taken  off  by  these  cross 
drivages,  the  working  level  H  above  it  was  filled  up  and  abandoned. 
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The  block  of  lode  15  fathoms  high  was  thus  removed  entirely, 
and  its  place  filled  by  rubbish ;  consequently  there  was  no  danger 
of  the  walls  falling  in  and  of  the  mine  collapsing.  No  high  open- 
ings were  made  during  the  progress  of  the  work,  so  the  roof  and 
sides  could  be  sounded  and  examined  without  scaffolding ;  any 
loose  pieces  could  be  taken  down  at  once,  and  there  was  little 
fear  of  their  falling  unawares  upon  the  miners. 

Before  a  block  was  completely  stoped  away,  the  so-called 
permanent  level  at  the  bottom  had  to  be  prepared,  in  order  to 
furnish  a  road  for  conveying  deads  to  the  block  beneath.  Cross- 
cuts, N,  were  pushed  out  from  the  level,  H,  at  intervals  of  20  or 
30  fathoms,  to  a  distance  of  10  fathoms  beyond  the  flucan,  and 
''ends"  were  driven  east  and  west  till  they  met  and  formed  a 
continuous  gallery,  P.  Rails  were  laid  and  the  road  was  ready 
for  use. 

Several  men  were  kept  constantly  employed  at  a  quarry 
adjoining  the  mine  for  obtaining  slate,  which  was  trammed  to 
and  shot  down  one  of  the  two  special  rubbish  shafts.  These 
could  be  tapped  at  the  adit,  and  the  supplies  were  conveyed  by 
tram-roads  and  other  special  shafts,  used  as  shoots,  to  the  places 
where  they  were  required.  Excepting  the  first  two  rubbish 
shafts  from  the  surface,  no  shoots  were  made  more  than  15 
fathoms  deep,  because  it  was  found  by  experience  that  the 
timber  was  broken  \jp'  very  quickly  by  the  fall  of  the  stuff  when 
they  were  deeper.  The  bottom  of  one  shoot  was  always  near 
the  mouth  of  the  next,  so  that  the  rubbish  never  had  to  be 
trammed  far ;  and  in  some  instances  the  shoots  were  so  near 
that,  by  fixing  a  few  planks  in  a  sloping  direction,  the  waste 
rock  ran  directly  from  one  to  the  other. 

This  case  has  been  described  somewhat  in  detail,  because 
wide  lodes  with  weak  walls  have  often  given  much  trouble, 
when  the  attempt  has  been  to  work  them  with  the  use  of 
timber  supports.  The  amount  of  timber  required  at  the  Yan 
mine  was  small,  and  many  of  the  pieces  were  used  over  and 
over  again.  Another  advantage  in  this  particular  case  was  the 
certainty  that  no  ore  was  lost  or  left  behind ;  for  although 
money  was  sometimes  spent  in  breaking  down  poor  parts  of  the 
lode  to  make  sure  of  not  missing  any  lead  ore,  the  barren  rock 
could  be  utilised  for  filling,  instead  of  drawing  supplies  from 
quarries  at  the  surface. 

At  the  Yan  mine  the  lode  was  firm  enough  to  allow  the  whole 
width  to  stand  without  supports  during  the  time  a  stope  was 
carried  along,  except  in  the  case  of  the  two  last  slices  at  the  top 
of  a  block.  These,  as  we  have  seen,  were  taken  off  by  a  succession 
of  contiguous  crosscuts.  When  a  lode  is  wide  and  too  weak  to 
stand  open  with  safety  for  its  whole  width,  the  crosscut  method 
may  be  applied  from  the  beginning,  instead  of  confining  it  to 
the  last  slices. 
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The  method  is  iilustmtod  by  Figa.  377  and  378,  The  lode  is 
removed  in  BucceiMive  horizootal  slices,  ABODE,  begitining 
at  the  bottom,  and  for  each  slice  a  level,  L,  is  driven,  either 
wholly  in  the  lode,  op  partly  or  entirely  in  the  country;  from 
this  level  crosscuts  are  put  out  6  or  8  feet  wide,  as  shown  in 
the  plan  (Fig.  378).  These  are  regularly  timbered,  according 
to  the  necessities  of  the  case,  and  when  No.  i  is  completed,  No. 
3  is  begun,  and  the  rubbish  from  No.  t  thrown  into  the  empty 
space  of  No.  i  crosscut.  If  the  quantity  is  insufficient,  drads 
are  brought  in  from  the  surface  or  from  exploratory  workings 
in  worthless  rock  in  the  neighbourhood.  Sometimes  the  cross- 
cuts are  not  driven  side  by  side,  but  i  and  5  may  be  driven 
first,  leaving  2,  3,  and  4  as  a  solid  pillar;  then  3  is  worked 
away,  and  fioally  2  and  4  between  the  timber  and  rubbish  on 
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Fig.  378. 


each  Bide.  The  greater  part  of  the  timber  can  be  recovered 
when  the  nest  slice  above  is  taken  off,  as  the  props  are  put  in 
with  their  small  ends  downwards,  and  can  be  drawn  up  with  a 
lever.  M  (Fig.  377)  is  a  level  reserved  in  the  deads  for  traffic 
and  ventilation.  This  method  of  working  is  applicable  not  only 
to  lodes,  but  also  to  irregular  masses. 

The  mode  of  working  the  soft  ore-bodies  such  as  are  met  with 
in  the  Comstock  lode,  in  the  Eureka- Richmond  mines,  Nevada, 
in  the  Butte  district,  Montana,  and  at  Broken  Hill  in  New 
South  Wales,  has  been  already  described  in  the  chapter  upon 
timbering.  The  excavations  are  supported  by  huge  frames 
of  timber,  made  by  adding  one  "  square  set "  to  another  as 
required,  and  are  finally  filled  up  entirely  with  rubbish. 

Another  method  of  working  a  wide  lode  is  to  attach  it  in 
slices  parallel  to  the  dip,  removing  each  slice  separately,  as  if  it 
were  a  lode  of  ordinary  dimensions,  and  filling  up  with  rubbish 

(Fig-  379)- 

We  have  here  been  supposing  that  the  whole  of  the  lode  ia 
taken  away  from  wall  to  wall.  Other  cases  may  arise.  Thus 
at  Foidale  mine,  in  the  Isle  of  Man,  we  have  to  deal  with  a 
vein  of  lead-bearing  rock  which  is  not  ore-bearing  for  its  entire 
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width.  The  vein  runs  eaat  aod  west,  aod  in  places  is  140  feet 
wide.  Levels  are  driven  along  the  northern  and  southern 
boundaries,  and  show  whether  or  no  there  is  any  payable 
ground  on  these  walls  ;  croascuts  put  through  from  time  to 
time  further  prove  the  lode,  and  sometimes  there  may  be  three 
parallel  workable  portions  with  barren  rock  between  them. 
Each  of  these  portions,  which  will  rarely 
exceed  13  feet  in  width,  is  then  treated  Fio.  379. 

as  a  separiite  lode. 

The  rule  at  Foxdale  (Fig.  380)  is  to 
drive  the  levels  15  fathoms  apart,  and 
to  effect  a  communication-  between  two 
adjacent  levels  at  intervals  of  30  futlioma, 
either  by  a  rise  or  a  winie.  The  lode 
thus  becomes  cut  up  into  blocks  15 
fathoms  deep  by  30  fathoms  long,  in 
the  direction  of  the  strike.  These 
blocks  are  worked  away  from  below 
upwards    in    separate    "  pitches,"    each 

10  fathoms  long,  arrangeil  like  three  steps.  The  block 
therefore  affords  three  pitches,  or  subordinate  blocks.  Thus 
if  ABDC  represents  a  block  contained  between  an  upper  level 
AB  and  a  level  CD,  15  fathoms  below  it,  and  bounded  on 
the  two  ends  by  the  winzes  AC  and  BD,  we  must  first  divide  it 

Kia.  380. 
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in  imagination  into  the  three  parts  AEGC,  EFHG,  and  FBDH. 
The  removal  of  each  pitch,  or  third  of  a  block,  is  confided  to  a 

separate  set  of  men.  The  first  set  begin  at  the  bottom  of 
AEOC,  and  take  off  a  slice  6  feet  thick,  filling  up  the  vacant 
space  with  rubbish  ;  then  they  begin  a  second  slice,  and  go  on 
taking  off  slice  after  slice  until  they  reach  the  level  above, 
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Work  upon  the  second  division — viz.,  EFGH — is  not  begun 
until  the  first  slice  of  the  adjacent  ''  pitch  "  has  been  filled  up, 
and  in  the  same  way  block  FBDH  is  not  attacked  until  at 
least  one  slice  of  EF'HG  has  been  worked  away.  At  some  given 
time  the  workings  will  have  assumed  the  form  shown  in  the 
figure. 

If,  as  is  often  the  case,  there  is  a  hard  and  a  soft  part  in  the 
lode,  the  work  in  the  overhand  s topes  goes  on  as  follows  :  Start- 
ing from  a  winze,  the  miners  push  on  a  drivage  in  the  soft  part, 
and  timber  it  up  with  a  cart  resting  upon  the  hard  side  and 
upon  one  leg  ( Fig.  38 1 ).  This  renders  the  working  of  the  hard 
part  very  much  less  expensive,  for  it  can  be  got  by  shots  which 
take  full  effect  in  such  large  openings.  Before  blasting  out  the 
side,  the  caps  are  supported  by  a  longitudinal  carrier  resting 
upon  a  few  upright  props  in  the  manner  shown  in  Fig.  382. 

All  the  rock  is  picked  in  the  mine,  and  any  waste  is  used  for 
filling  up.  At  last  the  whole  excavation  that  has  been  made 
is  packed,  with  the  exception  of  a  passage,  18  inches  high,  below 
the  caps,  along  which  the  men  can  creep  if  necessary.  A  floor 
of  planks  is  laid  down,  and  serves  to  make  a  bed  to  prevent  the 
loss  of  small  ore  when  the  next  stope  or  slice  is  taken  off. 
Shoots  or  '*  passes "  lined  with  timber  are  reserved  in  the 
rubbish ;  there  is  generally  one  at  the  end  of  each  pitch  and 
one  in  the  middle.  In  this  way  the  miner  always  has  one  close 
at  hand,  and  never  need  wheel  the  ore  very  far.  The  shoots 
are  furnished  with  doors  at  the  bottom,  and  the  ore  is  drawn  off 
directly  into  waggons  underneath  without  any  shovelling. 

Care  is  taken  to  drive  a  crosscut  from  time  to  time,  to  prevent 
any  chance  of  possible  bunches  of  ore  in  the  sides  being  missed. 
Waste  rock  obtained  in  this  way  is  always  useful  for  filling  up. 
The  Foxdale  lode  furnishes  about  enough  barren  rock  to  fill  up 
the  excavation,  without  its  being  necessary  to  draw  supplies  from 
the  surface. 

The  timber  buried  in  the  rubbish  is  not  lost,  for  it  can  be 
withdrawn  when  the  next  slice  is  taken  off.  A  piece  of  J -inch 
iron-chain  is  made  fast  round  the  top  of  the  leg,  which  always 
has  the  small  end  at  the  bottom,  and  the  hook  of  a  special  lever 
is  put  into  a  suitable  link.  The  fulcrum  of  the  lever  is  carried 
by  an  upright  bar  attached  to  a  square  base,  and  by  applying 
pressure  to  the  lever  the  leg  is  gradually  pulled  up. 

Parts  of  one  of  the  big  veins  of  cupreous  pyrites  at  Tharsis, 
Spain,  have  the  excavating  and  filling  processes  carried  out  some- 
what differently.  The  vein  is  52  feet  wide  in  places.  It  is 
subdivided  into  horizontal  bands  33  feet  thick,  and  each  band 
is  removed  crosswise,  first  by  a  vertical  slice  16  feet  wide,  and 
then  by  parallel  vertical  slices  1 2  feet  wide.  As  the  first  slice 
is  stoped  away  from  below  upwards,  two  walls  are  built  up  with 
rough  stones,  and  the  interspace  filled  with  rubbish,     Eventually 
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Fig.  382. 


A,  Granite,  or  barren  part  of  the  lode  ;  B,  Soft  part  of  the  lode : 
C,  Hard  part  of  the  lode  ;  D,  Leg ;  E,  Cap  ;  F,  Floor  of  planks  ; 
G,  Longitudinal  cap  or  carrier ;  H,  Prop ;  I,  Prop  ;  K,  Filling 
of  waste  rock. 
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tbe  vertical  alice  of  lode  is  replaced  by  waste  held  between  two 
walls  ;  and  when  tbe  adjoining  slice  is  taken  away,  only  one  wall 
is  required  to  keep  up  the  waste. 

Wide  Lotlet  tcorked  with  Pillars  and  Chawherg. — The  method  of 
working  the  wide  veins  at  the  Rio  Tinto  mines  may  be  briefly 
described  as  pillar  and  chamber  work,  with  a  solid  roof  and  Hoor 
between  tbe  working  horizons.  For  the  present  the  pillars 
must  be  looked  upon  as  permanent. 

The  details  of  the  system  are  as  follows :  A  vertical  shaft  is 
sunk  in  the  adjacent  rock,  and  crosscuts  are  driven  out  to  the 
lode  at  intervals  of  35  metres  (83  feet),  these  form  the  maw 
working  floors  or  horizons.     A  main  level  is  earned  along  the 

Via.  383.  Fig  384. 
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strike  of  the  lode  at  each  horizon,  and,  by  sinking  from  one  level 
and  rising  from  the  one  below,  a  vertical  intermediate  shaft  is 
formed,  effecting  a  communication  between  them.  All  this 
preliminary  work  Is  done  by  the  aid  of  rock  drills.  An  inter- 
mediate level  ia  next  pushed  out  along  the  strike  by  hand  labour 
midway  between  the  two  main  levels;  the  vein  may  then  he 
regarded  in  imagination  as  divided  into  a  series  of  horizontal 
slices,  each  ij\  metres  in  thickness,  as  shown  by  tbe  doited  lines 
AB,  CD,  EF,  Ac,  in  tbe  section  (Fig.  38.1).  The  formation  of 
pillars  now  begins  :  the  lower  part  of  each  slice  is  cut  up  by  a 
network  of  drivageS3  to  3^  metres  wide,  and  3  to  3I  metres  high, 
at  right  angles  to  one  another,  leaving  pillars  6},  to  7  metres 
square  (Fig.  384).  A  very  large  amount  of  ore  ia  produced 
in    this   way.      The  next  stage   in   the   process  of   mining  is 
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heightening  and   widening  the   chambers;    in   ordinary  hard 
pyrites  the  pillars  can  be  thinned  down  until  they  measure  only 
3  metres  by  3  metres,  and  the  chambers  can  be  carried  to  a 
height  of  9  to  10  metres.     Where  the  ground  is  weak,  more  has 
to  be  left  for  support.     The  two  plans  (Figs.  384  and  385)  show 
the  initial  size  and  the  final  size  of  the  pillars,  whilst  the  section 
(Fig.  383)  further  explains  the  progress  of  the  work.      At  the 
2  2  5-metre  horizon  there  are  preliminary  levels  3  metres  wide 
and  pillars  of  7  metres;  at  the  2i2|-metre  horizon  the  enlarge- 
ment of  the  chambers  has  begun ;  at  the  200-metre  level  the 
process  has  been  carried  further,  and  at  the  two  upper  horizons 
it  has  been  completed,  the  pillars  being  reduced  to  3  metres. 
The  solid  slice  of  ore,  2^  to  3^  metres  thick  between  two  storeys, 
remains  for  the  present  untouched,  and  forms  with  the  small 
pillars  a  reserve  stock  which  can  be  removed  at  some  future 
time.     Great  care  is  taken  to  arrange  the  pillars  vertically  one 
under  the  other  with  their  centre  lines  coinciding  exactly.     When 
operations  have  been  finished,  the  workings  have  the  appear- 
ance of  very  high  columns  supporting  huge  arches.     It  must 
not  be  supposed  that  the  honeycombed  part  of  the  vein  formed 
by  the  deserted  chambers  is  entirely  unproductive ;  a  very  large 
surface  of  oi'e  is  left  exposed  to  the  action  of  air  and  moisture, 
oxidation  goes  on,  copper  and  iron  sulphates  are  produced,  and 
during  the  rainy  season  water  trickling  down  the  sides  of  the 
caverns  carries  them  in  solution  to  the  bottom  of  the  mine. 
The  coppery  water  pumped  up  from  underground  is  led  into 
precipitation  pits,  similar  to  those  employed  for  treating  the 
cupreous  solutions  obtained  more  rapidly  from  the  ore  burnt 
at  the  surface. 

At  the  present  time  the  quantity  of  ore  in  sight  is  so  great 
that  it  is  not  necessary  to  devise  schemes  for  removing  the 
reserves ;  but  the  work  might  be  accomplished  by  a  filling-up 
process,  beginning  at  the  bottom.  The  pillars  and  the  interven- 
ing solid  floors  of  ore  could  be  removed  as  horizontal  slices,  fol- 
lowed by  a  filling  up  with  rubbish  let  down  from  the  surface. 
In  this  manner  the  workmen  would  always  be  standing  on  firm 
ground  within  easy  reach  of  the  ore. 

MASSES. — The  methods  of  working  masses  may  be  classified 
thus: — 

(a)  Bj  chambers  without  filling  up. 

(6)  By  horizontal  slices,  taken  in   descending  order,  allowing  the 

sarface  to  sink  down, 
(c)  By  horizontal  slices,  taken  in  ascending  order,  with  complete 

filling  up. 

(a)  The  first  of  the  three  methods  is  applicable  when  the  en- 
closing rock  is  strong  enough  to  allow  chambers  to  be  worked 
out  without  danger  from  the  roof  and  sides  falling  in.  As  an 
instance  may  be  taken  the  so-called  "  churns ''  of  the  Forest  of 
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Dea.n,  which  are  worked  for  iron  ore.  Brown  hfematite  occurs 
in  irregular  pockets  in  a  certain  bed  of  the  Mountain  Limestone 
{Fig.  386),  which  is  from  14  to  16  yards  thick,  and  usually  dips 
at  a  considerable  angle.  At  the  particular  mine  chosen  as  an 
example  the  dip  is  52°  Perpendicular  shafts  are  sunk,  and  the 
ore-bearing  limestone  is  reached  by  crosscuts  at  vertical  inter- 
vals of  100  to  150  feet.  A  good  main  level  is  driven  along  the 
strike  of  this  bed,  and  small  crosscuts  are  put  out  in  order  to 
search  for  the  churns,  which  have  often  been  followed  down 
from  the  surface  to  a  depth  of  200  yards.     The  exploitation 
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"  Grejiimatone  "  ;  B.  Limestone,  the  so-called  "Crease  m 

C.  Chambers  or  cavern*  lolt  by  the  excavation  of  the  ore; 

D.  Brown bEcmatite :  E.Top  orWhitehsadlimeBtone  1  F.Sand- 
stone  (Millstone  Orit)  ;  G.  Maio  level ;  H.  Sapporting  pillar 
built  up  of  stones  and  timber. 


a  removing  the  soft  ore  with  the  pick,  and  supporting 
the  roof  with  occasional  props  or  rough  walls  built  with  pieces 
of  barren  rock,  or  with  timber  and  stone  used  together.  If  the 
pocket  ia  very  steep  it  is  worked  like  a  mineraJ  vein  ;  the  men 
stope  the  ore  away  overhand,  standing  upon  platforms  of  timber 
erected  across  the  chitsm  left  by  workings  below. 

{b)  An  excellent  example  of  the  second  method  of  working  is 
furnished  by  De  Beers  diamond  mine,  where  a  mass  of  diamond- 
bearing  rock  occurs  as  a  huge  vertical  column,  with  an  irregular 
oval  section  (Figs.  30  and  31).  It  was  worked  for  many  years 
as  an  open  quarry,  but  falls  of  the  surrounding  rockii  {reef) 
caused  so  much  trouble,  as  the  huge  pit  increased  in  depth,  that 
underground  mining  had  to  be  adopted. 
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The  Bystem  consists  in  ozcavating  chambers,  and  then  letting 
rubbish  from  the  open  pit  above  run  in  and  fill  them  up.  The 
details  of  the  method  will  be  plain  From  consulting  Fig.  387, 
copied  from  the  annual  report  of  the  De  Boers  Company,  The 
deposit  is  reached  by  main  levels,  driven  from  the  rock  shaft 
(sunk  in  the  surrounding  rock)  at  vertical  intervals  of  200  feet. 
A  so-called  "prospect"  shaft  connects  one  main  level  with  the 
one  above  it,  and  from  this  shaft  intermediate  levels  are  driven 
40  feet  apart  vertically.  The  deposit  is  thus  laid  out  into  hoi'i- 
zoQtal  slices,  each  40  feet  in  thickness,  which  are  removed  in 

Fig.  387. 


descending  order.  The  working  away  of  each  slice  begins  at  the 
boundary  of  the  deposit  and  is  carried  on  in  the  direction  of  the 
prospect  shaft.  Two  main  levels  are  driven  in  the  lower  part 
of  the  slice  parallel  to  the  long  axis  of  the  rough  oval,  and  they 
are  connected  by  the  main  cross-levels  (Fig.  387).  When  the 
removal  of  the  slice  begins,  the  limits  of  the  "  blue  "  are  reached 
by  short  drivages  {off^ti)  from  the  main  tunnels  at  intervals  of 
some  25  feet.  Aplaceabout  2ofeetwideis  now  opened  out  along 
the  boundary  from  offset  to  offset,  till  a  considerable  chamber  is 
made.  The  roof  of  this  chamber  is  next  attacked  and  work 
continued  upwards  till  the  roof  becomes  unsafe,  when  it  is 
allowed  to  fall  in,  caving-in  being  helped  by  blasting.  "  Blue  " 
and  waste  rock  {reef)  from  above  the  slice  run  in  and  completely 
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fiU  the  chamber.  The  most  profitable  part  of  the  exploitation 
now  begins,  and  "  blue  "  may  be  trammed  from  the  chambers 
through   the  "  offsets  " 


Fig 

388. 

for    as    long    as    three 
months  or    more.     On 
the  other  hand,  it  may 
run  only  for  a  few  days. 
When    reef    begins    to 
come       in       quantity, 
another    chamber   also 
ao  feet  wide  is  opened 
up      parallel     to     and 
adjoining       the       first 
chamber,       heightened 
till    the     roof     breaks 
and     the     blue     runs. 
Chamber  after  chamber 
is     thus    opened     and 
run    till    the    slice    is 
completely       removed. 
Fig.   388    shows    that 
several    slices    are     in 

moved  at  the 

same 

time. 

the 

working 

process    of    being    re- 
in a  lower  slice  being 

always  less  advanced  than  in  the  one  above  it. 
A  somewhat  similar  mode  of  working  is  customary  in  the  iron 
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mines  of  North  Lancashire,  which  have  to  deal  with  irregular 
masses  of  haematite  in  the  Mountain  Limestone  (Fig.  389).* 
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Shafts  are  sunk  at  a  distance  from  the  deposit,  which  is  reached 
by  crosscuts  at  intervals  of  ten  fathomH  vertically.  Levels  and 
cross  levels  are  then  driven,  which  bring  all  parts  within  easy 
reach  (Fig.  390).  Rises,  R,  R,  are  put  up  from  the  main  floor 
or  horizon  to  the  next  one  above,  and  the  deposit  is  now  taken 
away  in  slices  or  "heights,"  9  or  10  feet  thick.  A  and  S  of 
Fig.  391  represent  two  adjacent  rises.  The  men  starting  from 
A  push  out  the  drift  /,  and  those  from  B  the  drift  /,  until  they 


Sand    Ki 

meet,  for  the  sake  of  ventilation.  This  air  road  il  has  to  be 
kept  open  while  work  is  proceeding  in  the  slice  or  height  in  this 
district.  Branch  drifts,  2  and  II,  are  carried  forward  to  the 
boundary  of  the  deposit  or  the  area  the  men  have  to  work,  and 
lastly  comes  the  robbing  of  the  ore  by  a  series  of  drifte  such  as 
3,  4,  S,  6,  or  ///,  IV,  V,  in  the  order  of  the  numbers.  The 
work  is  thus  carried  on  towards  a  rise  and  not  from  it.  After 
the  ore  is  robbed,  the  roof  crushes  in,  smashing  the  timber  and 
forming  a  safe  ceiling  for  the  workings  in  the  neitt  slice  below. 
The  surface  sinks  down  in  proportion  as  the  ore  is  removed,  so 
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that  in  some  parts  of  the  district  immense  holes  exist,  as  shown 
in  Fig.  389.  As  the  overlying  drift  often  contains  clay,  rain 
water  collects  in  these  holes,  and  has  to  be  pumped  out  lest  it 
should  break  through  and  di*own  the  miners. 

The  rises  are  usually  made  6  feet  by  4  feet  6  inches  within 
the  timbering,  which  consists  of  sets  of  Norway  or  Swedish 
timber  6  or  7  inches  square,  simply  halved  at  the  joints  and 
placed  directly  one  above  the  other.  Most  of  the  rises  are 
divided  into  two  compartments  by  pieces  of  3-inch  plank  cut 
to  the  right  length  and  wedged  in;  these  are  made  firm  by 
nailing  on  to  the  rise-timber  "listing  pieces,"  strips  of  wood 
3  inches  by  |  inch,  on  each  side.  One  of  the  compartments 
serves  for  a  ladder- way,  for  pulling  up  timber  and  for  an  airway ; 
the  other  as  a  receptacle  for  the  ore.     The  ladder  is  called  a 

Fio.  391. 


**  hurry,"  and  is  provided  at  the  bottom  with  an  inclined  shoot 
through  which  the  ore  can  be  let  into  waggons  or  "  bogies  "  at 
pleasure.  Sometimes  the  rise  is  made  9  feet  by  4  feet  6  inches, 
and  divided  into  three  compartments-— viz.,  two  hurries,  and  a 
ladder-way  between  them.  One  hurry  then  serves  for  ore,  and 
the  other  for  rubbish. 

When  the  men  have  all  but  removed  one  slice  or  "  height,'' 
they  take  out  the  timber  of  the  rise  on  one  side,  in  order  to  start 
a  new  drift ;  it  is  about  7  feet  wide,  and  is  supported  by  frames, 
each  made  of  a  cap  or  head-tree  resting  upon  two  legs  (Fig.  392). 
To  protect  the  men  while  working  in  the  f orebreast,  small  planks 
{spiles)  are  driven  under  one  head-tree  and  over  the  next,  and,  if 
necessary,  along  the  sides  behind  the  props.  The  men  are  not 
allowed  to  advance  more  than  4  feet  beyond  their  timber.  As 
soon  as  the  slice  above  is  quite  exhausted,  they  open  out  at  the 
other  side  of  their  rise,  and  after  putting  in  a  strong  covering  of 
timber,  they  clear  all  the  rise  of  its  lining  down  to  the  level  at 
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which  they  are  working.  In  driving  below  the  old  timber  and 
rubbiuh,  it  is  necessary  to  be  careful  that  the  supportiog  frames 
are  properly  put  in  and  kept  well  forward  ;  they  are  often  held 
in  place  by  nailing  spiles  to  them,  but  this  is  only  necessary 
before  they  get  the  weight  from  above.  It  is  possible  in  many 
cases  to  save  much  of  the  timber  used  in  lining  the  drifts  which 
are  made  for  robbing  the  ore,  but  in  all  cases  the  roof  comes 
down  very  quickly,  whether  the  timber  is  left  in  or  not. 

(c)  The  last  method — namely,  working  away  the  mass  by 
horizontal  slices,  in  ascending  order,  with  complete  filling  up — 
exactly  resembles  that  which  is  adopted  for  certain  wide  veins, 
such  as  the  lode  at  the  Yan  mine,  Montgomeryshire.  However, 
it  may  be  well  to  mention,  as  an  example,  tiie  great  zinc  ore 

Fio.  39J. 


stockwork  at  Diepenlinchen,  near  Stolberg.  The  Mountain 
Limestone  is  full  of  cracks  and  cavities  containing  blende, 
which  cannot  be  worked  to  advantage  without  breaking  down 
the  whole  of  the  rock.  The  limestone  is  ore-bearing  over  an 
oval  area,  130  metres  long  from  B.  to  W.  and  50  from  N.  to  S. 

This  great  mass  of  sine-bearing  rock  is  subdivided  for  the  pur- 
pose of  working  into  a  series  of  storeys  or  floors,  each  16  metres 
(53  J  feet)  thick  vertically,  and  a  main  level  is  driven  along  the 
major  axis  of  the  oval  at  the  bottom  of  each  storey,  as  shown  in 
Fig.  393.  Crosscuts,  14  metres  apart,  are  driven  out  north  and 
south  from  each  main  level,  and  are  connected  with  similar  cross, 
cuts  below  by  winzes.  The  block  of  ground  between  two  main 
levels  is  then  taken  away  in  slices,  x  metres  thick,  in  ascending 
order.  However,  with  the  view  of  saving  the  expense  of  putting 
in  timber  to  support  the  deads,  which  would  be  necessary  if  the 
main  roads  had  to  be  kept  up  in  a  part  of  the  mine  stowed 
with  rubbish,  the  first  two  slices  are  left  intact  at  the  outset. 
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of  neighbouring  faults,  mode  of  working,  &c.  Consequently,  no 
general  rule  can  be  given,  though  certain  rules  may  have  a  local 
value.  The  dimensions  of  the  shaft-pillar,  as  given  by  such 
empirical  rules,  vary  within  very  wide  limits.  A  much-favoured 
rule  for  workings  in  the  Coal  Measures  is  to  allow  the  mineral 
to  stand  unworked  within  a  radius  from  the  shaft  equal  to  one- 
third  the  depth  of  the  seam  from  the  surface  plus  an  extra 
allowance  for  the  surface  buildings  if  the  mine  is  not  deep ;  but 
some  rules  demand  a  pillar  with  a  radius  equal  to  one-half  the 
depth  of  the  shaft  or  even  more. 

In  the  case  of  an  underlie  or  inclined  shaft,  a  strip  of  the  lode 
or  bed  10  to  60  feet,  or  more,  in  width  is  not  uncommonly  left 
on  each  side  of  the  shaft,  but  this  reserve  is  often  trenched  upon 
if  patches  of  rich  ore  occur  in  it. 

Between  these  two  extremes,  viz.,  a  shaft  perpendicular  to 
the  deposit  with  a  shaft-pillar  of  equal  sides  or  diameters,  and  a 
shaft  lying  actually  or  nearly  along  a  line  of  dip  of  the  mineral 
sheet,  and  having  as  a  pillar  a  long  narrow  strip,  there  is  a 
gradual  passage  in  the  form  of  the  shaft-pillar ;  the  steeper  the 
deposit,  the  narrower  should  the  shaft-pillar  be  along  the  strike, 
the  shorter  towards  the  dip,  and  the  longer  towards  the  outcrop, 
until  it  becomes  an  insignificant  strip,  or  a  chain  of  very  narrow 
pillars  on  each  side  in  the  case  of  a  vertical  shaft  sunk  in  a 
vertical  lode. 

For  much  the  same  reason  that  props  are  set  nearly  normal  to 
the  planes  of  bedding, 

so  should  the  normals,  Fi<?*  394* 

from  the  object  to  be 
protected  to  the  plane 
of  a  steep  tabular  de- 
posit, fall  within  the 
boundary  of  the  sup- 
porting pillar  as  a 
general  rule.  Conse- 
quently, in  a  steep 
seam  the  pillars  will 
often  be  shown  on  the 
plan  at  a  distance  from 
the  objects  they  are 
intended  to  protect, 
and,  as  already  seen, 
the  shaft-pillar  will  be 

longer  towards  the  rise  than  towards  the  dip.  The  disturbance 
of  the  strata,  however,  is  not  likely  to  be  limited  by  the  normals 
at  the  edges  of  the  excavated  area,  and  according  to  Fayol's 
experiments,  the  boundary  of  the  disturbance  should  lie  more 
often  than  not  between  the  normals  and  verticals  to  the  edge, 
except  in  the  case  of  loose  strata  (Fig.  394). 


368 


ORE  AND  STONE  MINING. 


The  conclusion  arrrived  at  by  H.  Fayol  is  that  the  dis- 
turbance of  the  strata  is  confined  to  a  dome-shaped  region, 
which  has  for  its  base  the  area  of  the  excavation,  and  that 
the  amount  of  such  disturbance  is  at  a  maximum  towards  the 
centre  of  this  base,  thence  diminishing  and  dying  away  in  all 
directions.  If  the  dome  does  not  reach  the  surface,  there  will 
be  no  subsidence,  for  the  surface  will  receive  support  from  the 

mass    of   broken   or    dis- 
FiG'  395-  turbed  rocks  in   addition 

to  the  support  of  the 
natural  dome  Of  undis- 
turbed rocks.^ 

This    theory    has    the 
merit  of  explaining  many 
of   the  apparent  discrep- 
ancies as  to  the   amount 
and  locality  of  disturbance 
of   the   surface  found    to 
occur  under  different  con- 
ditions.     Thus  Fig.    395 
represents  a  zone  of  dis- 
turbance, A  B  E  C  D  F  G,  over  an  excavated  area,  A  B,  the 
axis  of  the  dome  lying  between  the  normal  to  the  bedding  and 
the  vertical. 

S  Sj  So  S3  S^  Sji  represent  the  levels  of  the  surface  in  different 
cases.  Then,  if  the  surface-level  be  S,  there  is  no  subsidence  ; 
if  Sj,  there  will  be  a  small  subsidence,  limited  on  the  right  by 
the  normal  BO;  if  Sg,  the  subsidence  is  limited  on  the  left  by 
the  vertical  A  D ;  if  S^,  the  limit  of  the  subsidence  on  the 
right  is  the  vertical  B  E ;  if  S.,  the  limit  on  the  left  is  the 
normal  A  F  ;  and  finally,  if  S^,  the  limit  is  the  line  A  G,  which 
approaches  an  angle  of  50". 

The  above  considerations  apply  to  cases  of  unfaulted  con- 
formable strata  which  dip  uniformly  ;  if  the  case  be  otherwise, 
the  question  becomes  much  more  complex. 
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tlie  men,  especially  if  it  is  provided  with  a  chain ;  but  it  should 
be  used  in  this  manner  only  for  short  distances.  It  is  far 
better  to  keep  the  ore-pass  distinct  from  the  climbing  way,  in 
case  any  stones  should  lodge  on  the  sides  and  fall  during  the 
ascent  or  descent  of  the  men. 

A  pass  is  often  lined  with  timber  instead  of  stone,  and  some- 
times it  is  merely  an  intermediate  shaft  or  winze  set  apart  as  a 
shoot.     At  the  Van  mine  the  passes,  whether  they  are  small 
shafts  sunk  on  purpose,   or  passages  reserved  in  the  rubbish 
used  as  filling,  are  6  feet  by  3  feet  within  the  timber ;  each 
pass  is  divided  into  two  unequal  compartments  by  a  partition 
made  of  i^-inch  plank  nailed  to  cross-timbers  called  dividings, 
and  the  larger  one  is  closely  lined  with  similar  planks.    This 
forms  the  '*  shoot "  proper.    The  small  compartment  is  provided 
with  ladders  and  serves  as  a  climbing  way,  and  is  also  useful  in 
case  the  larger  one  should  become  choked  ;  a  board  can  be  taken 
out  from  the  side  at  any  time,  and  large  stones  obstructing  the 
passage  can  be  dislodged  with  safety.     Vertical  passes  lined  with 
timber  sometimes  have  pieces  of  steel  rail  put  across  at  intervals, 
to  break  the  fall  of  the  "  stuff." 

The  pass  is  provided  at  the  bottom  with  a  mouth  closed  by  a 
door  of  some  kind,  and  when  this  is  opened,  the  mineral  falls  out 
into  the  waggon  which  has  been  brought  underneath. 

II.  FLOW  ALONG  PIPES.  — This  method  of  transport 
becomes  available  when  one  has  to  deal  with  liquid  or  gaseous 
minerals,  or  with  solutions,  but  these  cases  occur  more  frequently 
above  than  below  ground.  However,  brine  is  led  along  wooden 
launders  and  pipes  in  some  salt  mines.  Natural  iu flammable  gas 
in  a  few  exceptional  cases  is  piped  off  from  a  blower  and  burnt 
for  illuminating  purposes  ;  this  is  done  at  a  salt  mine  at  Bex  in 
Switzerland. 

III.  GABBIAOE  BY  PEBSONS.— The  simplest  and  no  doubt 
the  oldest  method  of  transport  along  underground  roads  is  carriage 
by  persons.     It  still  survives  in  some  places  for  short  distances. 

In  the  Forest  of  Dean,  boys  carry  iron  ore  on  the  back  in  oval 
trays,  called  ''billies,"  from  the  actual  working-place  to  the 
nearest  barrow-road  or  waggon-road.  The  tray  is  made  of  wood, 
with  a  rim  of  sheet  iron,  and  is  about  6  inches  deep,  22  inches 
in  length  in  the  direction  of  the  long  axis,  and  12  to  15  in  the 
direction  of  the  short  one.  The  load  carried  in  a  "  billy  "  varies, 
according  to  the  nature  of  the  ore  and  the  strength  of  the  lad, 
from  90  to  112  lbs.,  or  even  more.  The  lad  goes  on  all-fours, 
using  his  hands  to  support  himself  as  he  makes  his  way  through 
low  and  tortuous  passages.  This  method  of  transport  is  rendered 
necessary  by  the  nature  of  the  excavations,  which  are  very 
irregular ;  but  the  distances  along  which  the  ore  is  carried 
are  small,  generally  from  30  or  40  to  50  yards,  and  rarely 
as  much  as  100  yards. 
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irman  miner  commonly  makes  use  of  &  tray  into  whicb 
!8  his  mineral  or  rubbish  with  a  tool  like  a  hoe,  and  he 
■ies  his  load  to  the  nearest  "  pass  "  or  to  a  waggon-road 
itnediate  neighbourhood. 

small  slate  mines  near  Cochem  on  the  Moselle,  men  and 
y  up  the  blocks  of  slate  upon  their  backs,  walking  upon 
<  in  the  rock.  They  come  up  with  their  hands  upon  the 
oent  almost  double  under  the  weight  of  the  block,  which 
in  a  thick  pad.  Again,  blocks  of  slate  are  still  carrieil 
ack  from  the  working-place  to  the  waggon-roads  in  the 
lea  of  the  Ai-dennes.  In  the  Sicilian  sulphur  mines  the 
ithod  is  common,  and  it  is  also  found  in  some  parts 
1  and  China,  where  baskets  are  used,  whilst  bags 
loyed  in  Mexico  and  Japan.  Indeed,  in  these  cases, 
;hem,  the  mineral  is  not  only  carried  along  comparatively 
ds  but  is  also  brought  to  the  surface. 
lOirVTEYANOE  BT  SLZDOES.  —  Sledges,  or  sleds, 
reater  loads  to  be  transported  ;  but  they  are  not  available 
e  conveyance  takes  place  along  roads  sloping  downwards. 
I  little  employed  underground. 
iNVSYAlfOE    BT    VEHIOLEB    WITH    WHEELS.— 

come  to  the  methods  by  which  minerals  and  rubbish  are 
jansported  both  above  and  below  ground— viz.,  by  some 
rheeled  vehicle.  Here  we  may  at  once  make  two  classes. 
oles  running  upon  the  ground  or  on  boards  ;  B.  vehicles 
upon  rails. 

)hicle«  Riuming  on  the  Orouad  or  on  Boards.— 
irrow  :  The  simplest  wheeled  carriage  is  the  barrow. 
sts  of  a  body  with  two  handles  and  one  wheel.  The 
used  in  Cornwall  at  the  present  day  is  not  unlike 
ired  in  1550  by  Agricola.  It  has  no  legs,  but  in  many 
)s  a  barrow  with  legs  is  employed,  somewhat  resembling 
3  barrow.  Mine  barrows  are  usually  made  of  wood,  and 
her  a  wooden  or  a  steel  wheel.  The  Cornish  barrow 
1  sideways,  whilst  the  barrow  with  legs  is  tipped  either 
I  or  over  the  end.  This  latter  form  of  barrow  requires  a 
nd  better  level ;  it  is  a  more  advantageous  appliance,  as 
s  a  greater  part  of  the  load  on  to  the  wheel  and  relieves 
Br's  arms  to  a  certain  extent.  The  barrow  often  runs 
le  natural  floor  of  the  working-place  or  level,  but  less 
i  required  if  it  is  provide<l  with  a  road  made  of  plank.s  or 

and  Wai^gona. — In  the  low  passages,  only  iSincheato 
!s  liigh  {Fakrfe"),  leading  fi'om  the  working  face  of  the 
bale  mines  at  Mansfeld  to  the  main  loads,  tiny  waggons 
wheels  are  employed, 
drawn  by  horses  are  used  in  some  large  underground 
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A  mine  waggon  largely  employed  in  Germany  at  one  time,  and 
stiU  seen  occasionally,  is  the  so-called  Hungarian  '*  Hund/'  It 
has  a  rectangular  body  resting  upon  four  wheels,  two  small 
in  front  and  two  large  near  the  middle ;  the  workman  presses 
down  a  little  handle  at  the  back  to  make  the  load  rest  upon  the 
two  big  wheels  only,  and  pushes  the  waggon  along  a  board 
at  the  bottom  of  the  level.  The  Germans  have  also  used 
four-wheeled  waggons  running  upon  two  boards ;  and  they  were 
sometimes  provided  with  a  projecting  pin  underneath  which 
kept  them  upon  the  track. 

B.  Vehicles  Running  on  Bails. — The  points  to  be  considered 
are  (a)  the  road  ;  (6)  the  waggons  ;  (c)  the  traction  power. 

(a)  Railways. — Cast-iron  tram-plates  were  introduced  in  1 767, 
and  were  succeeded  by  wrought-iron  rails ;  these  in  their  turn 
are  being  superseded  by  rails  made  of  steel.  Various  forms  of 
rails  are  in  use.  The  simplest  is  a  bar  of  iron  set  on  its  edge,  or 
a  strip  of  flat  iron  nailed  to  longitudinal  sleepers.  Rails  of  the 
former  kind  are  made,  for  instance,  of  bars  ^  by  2^  inches,  or  f 
by  2f  inches,  fixed  by  wooden  wedges  in  slits  cut  in  the  sleepers. 
This  rail  has  the  disadvantage  of  wearing  a  groove  in  the  flange 
of  the  wheel,  but  it  is  easily  and  quickly  laid  and  readily 
bent  into  curves.  Rails  made  of  bars  of  round  iron  are  used  in 
some  Welsh  slate  quarries. 

The  bridge-rail  was  in  great  favoui*  at  one  time,  either  laid 
upon  longitudinal  or  cross  sleepers ;  but  nowadays  flanged 
~P-headed  rails  made  of  steel  are  preferred.  Care  should  be 
taken  to  have  strong  and  well-laid  lines,  especially  where  there 
is  likely  to  be  much  traffic.  In  this,  as  in  many  other  depart- 
ments of  mining,  it  is  very  bad 


Fig.  396. 


Fia.  397. 


I  I  ii  »  I 


economy  to  cut  down  the  ori- 
ginal expenses  too  much.  What 
is  saved  on  the  first  cost  will  be 
spent  over  and  over  again  in 
repairs,  to  say  nothing  of  the 
loss  of  time  and  money  caused 
by  delays  in  the  traffic. 

The  gauge  varies    from    14 
inches  to  3  feet  or  more ;    20 

inches  to  22  inches  is  a  common  

gauge   in   vein   mining.       The 

weight  of  the  rails  for  such  roads  is  from  10  to  30  lbs.  per  yard, 
according  to  the  amount  of  traffic  and  the  speed  and  weight  of  the 
load.  Figs.  396  and  397  show  the  sections  adopted  respectively 
by  Legrand  of  Mons  and  Howard  of  Bedford,  for  rails  weighing 
18  lbs.  per  yard.  The  rails  may  be  simply  spiked  to  wooden 
sleepers,  or  they  may  be  laid  in  chairs.  In  important  roads 
fish-plates  should  be  used. 

There  is  a  tendency  at  the  present  day  to  adopt  steel  sleepers. 
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which  are  Bupplied  by  the  makers  to  Huit  roads  of  various 
gauges.  They  have  proved  to  be  very  convenient  and  efficient^ 
and  in  Great  Britain  they  are  cheaper  in  the  end  than  wood. 
Among  their  advantages  are  exact  uniformity  of  gauge,  easy  ami 
rapid  laying,  fewer  repairs.  They  are  usually  made  of  rolI«d 
steel,  and  the  rails  are  fixed  either  by  clips,  or  by  clips  and  keys. 
One  form  of  road  supplied  by  Legrand  of  Mons  (Fig.  398)  has 

FiQ.  398. 


the  clips  of  one  sleeper  on  the  outside  of  the  rail  and  those  of 
the  nest  jon  the  inside  of  the  rail.  The  clips  are  firmly  riveted 
to  the  sleepers.  In  constructing  the  road,  the  sleepers  B  are  laid 
at  suitable  distances  apart,  exactly  parallel  to  one  another  ;  the 
alternate  sleepers  A  are  then  put  in  obliquely,  as  shown  by 
the  dotted  lines,  and  knocked  into  position  with  a  hammer  ;  the 
rails  are  joined  by  fish-plates. 

Howard's  sleeper   (Fig.  399)  is  made  from  a  plate  of  steel 

rolled  with  a  corrugation; 

Fio.  399.  the    lips  which   constitute 

y^  the  chairs  for  the  rails  are 

w/^  /pL  formed    by   pressing  down 

^*^  — g;^^fc=sn      this    corrugation,    without 

/  '  J^J"^      /         cutting   away   any    of   the 

metal.  The  jointing  sleepers 

have  a  double  corrugation,  and  the  rails  are  fastened  with  a 

simple  key  which  is  seirated  on  one  side.     Some  of  Howard's 

sleepers  for  underground  work  can  be  used  without  any  keys. 

Bagnall'a  sleeper  is  also  distinguished  by  longitudinal  corru- 
gations which  stiffen  it  and  prevent  its  buckling.  The  Widnes 
Chair  and  Sleeper  Company  prefer  a  section  like  that  of 
a  V-shaped  trough  ;  they  claim  that  the  penetration  of  this 
sleeper  into  the  ground  ensures  great  stability. 

Where  a  mine  has  a  stock  of  old  rails  or  old  iron,  it  is  often 
more  economical  to  convert  it  into  sleepers  than  to  sell  it  as 
scrap.  There  aie  several  methods  in  use.  White  of  Widnes 
utilises  old  bridge  rails  (Figs.  400  and  400a)  by  inserting  two 
clips  (Figs.  401  and  401a)  into  a  piece  of  rail  cut  to  the  required 
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length ;  the  clip  U  held  ia  plaoe  by  a  pin  which  passes  into  a 
hole  punched  in  the  sleeper.  At  the  Llechwedd  slate  mine  in 
North  Wales,  two  other  methods  have  been  deviseil  by  Mr. 
C.  Warren  Roberts  (Figs.  403  and  403)  for  utilising  old  channel 
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iron  and  flat  iron.  Stamped  iron  clips  are  riveted  on  so  as  to 
take  the  outer  side  of  the  flange  of  the  rail,  and  similar  clips  are 
bolted  on  against  the  inner  Sange.  In  order  to  allow  for  any 
small  irregularity  in  the  width  of  the  flange,  the  hole  for  the 
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bolt  is  made  oval,  and  this  enables  the  clip  to  be  adjusted  to  the 
flange  exactly. 

Points  and  crossings  must  be  provided.  The  points  may  be 
like  those  of  an  ordinary  railway,  with  tongues  moved  by  levers. 
Another  plan  is  to  leave  gaps  between  the  rails  where  the  Hues 
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ones  going  towards  the  shaft  or  other  outlet  from  the  mine, 
and  empty  ones  returning  to  the  working-places.  The  inclina- 
tion downwards  towards  the  shaft  assists  the  work,  but  if  it  is 
too  great  the  return  journey  causes  a  useless  expenditure  of 
labour. 

The  rule  in  many  ore  mines  is  to  drive  the  levels  as  flat  as 
possible,  with  only  just  slope  enough  to  make  the  water  flow 
away ;  the  tendency  of  the  workmen  is  always  to  rise  too  much, 
and  one  sometimes  meets  with  old  levels  where,  through  care- 
lessness or  inattention  of  the  agent,  the  loss  of  level  is  very 
considerable.  An  inclination  of  J  to  J  inch  per  yard,  or  i  in 
216  to  I  in  144,  is  common. 

The  condition  of  the  road  between  the  metals  deserves  more 
attention  than  is  usually  bestowed  upon  it.  There  is  un- 
necessary labour  on  the  part  of  the  man  or  the  horse  employed 
in  traction,  if  the  road  upon  which  he  walks  presents  obstacles 
through  great  unevenness.  Roads  may  be  seen  which  are 
simply  a  succession  of  deep  puddles  between  the  sleepers,  a 
striking  contrast  to  the  well-kept  main  levels  at  the  Mansfeld 
copper  mines.  These  levels  are  carefully  paved  with  artificial 
stones,  made  from  slag  at  the  Company's  smelting  works.  The 
paving-stones  are  about  5  inches  square  at  the  top  and  6  inches 
deep ;  they  are  also  sold  to  the  public  at  prices  varying  from 
|d.  to  id.  each. 

(b)  Waggona.— -Mine  waggons  are  made  of  wood,  iron,  or 
steel.     They  consist  of  a  body  or  box  resting  on  a  frame  carried 
by  four  wheels.     They  vary  greatly  in  shape  and  size  according 
to  the  nature  of  the  excavation  and  the 
kind  of  material  transported.  Fig.  406. 

Fig.  406  represents  the  plain  but 
strong  waggon  of  the  Yan  mine, 
Mon^omeryshire,  with  a  rectangular 
body  of  sheet  iron,  an  oak  frame  and 
cast-steel  wheels.  The  top  is  strength- 
ened by  a  band  of  flat  iron.  The 
wheels  are  11^  inches  in  diameter 
and  are  just  low  enough  to  go  under  the  body ;  they  are  there- 
fore protected  from  blows,  to  which  they  would  otherwise  be 
liable  from  stones  dropping  during  the  process  of  filling.  The 
waggon  is  emptied  by  being  run  into  a  **  tippler,''  that  is  to 
say,  a  cage  turning  on  pivots,  which  enables  it  to  be  completely 
overturned. 

At  the  Mansfeld  copper  mines  the  general  shape  is  similar. 
Formerly  waggons  of  various  shapes  and  sizes  were  in  use,  but 
now  one  uniform  model  has  been  adopted.  The  body  is  made 
of  sheet  iron  ^  inch  thick,  and  the  upper  edge  is  strengthened 
by  an  iron  band  l^  inch  thick  and  2^  inches  wide,  whilst  the 
corners  are  stiffened  with  angle  iron.     The  body  is  3  feet  ^i 
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inches  long,  a  feet  2  inches  broad,  and  i  foot  loj  inches  deep 
inside.  The  capacity  of  the  waggon  ie  13^  cubic  feet,  and  ii 
carries  10  cwt.  The  body  rests  upon  two  pieces  of  iroD  placed 
lengthwise,  across  which  are  fixed  the  two  axles-  The  ivbeels 
are  of  chilled  cast-iron  with  special  grease-bosee.  The  gauge 
of  the  road  is  19J  inches,  and  the  wheels  are  11^  inches 
in  diameter,  so  that  they  can  be  placed  under  the  'waggon. 
The  total  height  of  the  waggon  is  3  feet  i  inch,  and  it  'weighs 
716  lbs. 

When  made  of  sheet  iron  or  steel  the  sides  can  be  bent,  as 
shown  in  Figs.  407  and  408,  a.nd  larger  wheels  can  be  employed 
without  unduly  raising  the  body. 

In  order  to  suit  the  small  levels  of  some  vein  mines,  the 
waggons  are  made  long  and  narrow.  In  the  Isle  of  Man  one 
meets  with  waggons  6  feet  long  and  only  19  to  31  inches  wide 
at  the  top ;  the  depth  being  z  feet.     The  sides  slope  inwards  so 
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that  the  bottom  is  only  13  inches  wide  by  4  feet  9  inches  or  5 
feet  long.  The  waggons  are  made  of  sheet  steel  about  f\  inch 
thick,  or  of  i^-inch  plank.  The  discbarge  is  by  a  door  at  one 
end,  kept  in  its  place  by  a  bolt.  When  the  waggon  has  to  be 
emptied,  the  miner  knocks  up  this  bolt  and  lifts  the  waggon  up 
behind  till  it  slopes  enough  tor  the  "  stuff  "  to  run  out.  The 
top  of  the  steel  waggons  is  stiffened  by  a  bond  of  ^-inch  iron 
z  inches  wide  firmly  riveted  on,  and  pieces  of  angle-uron,  where 
the  plates  come  together,  give  a  further  amount  of  strength. 
Wooden  waggons  have  the  bottom  lined  with  sheet  iron  ^  inch 
thick. 

The  diameter  and  nature  of  the  wheels  vary.  At  one  mine 
in  the  Isle  of  Man  the  wheels  are  to^  inches  in  diameter, 
and  run  loose  upon  the  axles,  which  are  bolted  to  the  frame 
under  the  body  ;  they  are  1 5  inches  apart,  from  centre  to  centre. 
The  wheels  are  brought  close  together  with  a  view  of  making 
the  waggons  pass  round  curves  without  trouble.  In  order  to 
render  the  tipping  easy,  the  centre  of  the  front  axle  is  placed 
6  inches  in  front  of  the  middle  of  the  waggon ;  the  miner, 
therefore,  bas  the  greater  part  of  his  load  balanced  when  he 
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pivots  his  waggon  on  the  axle  of  the  front  wheels  in  the  act  of 
discharging  it. 

At  a  neighbouring  mine  under  very  similar  conditions  cast- 
iron  brackete  are  bolted  under  the  body  to  receive  the  two  axles 
to  which  the  wheels  are  firmly  keyed,  but  the  hinder  axle  is  not 
in  any  way  attached  to  the  bracket ;  when  it  is  desired  to  empty 
the  waggon,  the  hind  end  is  lifted  up  and  both  sets  of  wheels 
remain  on  the  ground.  The  hind  axle  is  made  fast  to  the  front 
one  by  a  couple  of  straps,  for  otherwise  the  hind  wheels  might 
run  away  when  the  waggon  was  emptied.  A  disadvantage  of 
this  kind  of  waggon  is  that  it  may  require  two  men  to  replace 
it  on  the  road  if  it  comes  off ;  one  may  be  wanted  to  see  that 
the  wheels  will  drop  properly  on  to  the  rails,  while  the  other  is 
managing  the  body. 

In  both  these  waggons  the  wheels  project  outside  the  body, 
instead  of  being  underneath  it  out  of  harm's  way,  but  they  are 
protected  to  a  certain  extent  by  the  overhanging  sides,  and  they 
can  be  further  screened  by  riveting  on  little  shields  of  sheet 
iron.  The  lateral  position  of  the  wheels  reduces  the  height  of 
the  waggon  required  for  any  given  capacity,  a  decided  advantage 
vrhen  it  has  to  be  filled  with  the  shovel ;  but  in  ordinary  vein 
mining  the  ore  ought  to  be  drawn  down  from  shoots,  and  there- 
fore the  benefit  of  easier  shovelling  comes  into  play  only  when 
loading  rubbish  or  ore  in  such  places  as  the  "  ends." 

In  some  mines  the  mineral  is  loaded  in  the  level  into  an  iron 
bucket  (kibble)  standing  upon  a  trolley,  which  is  merely  a  small 
platform  upon  four  wheels.  This  trolley  is  pushed  {trammed)  to 
the  shaft;  the  full  kibble  is  hooked  on  to  the  winding  rope  and 
drawn  up,  whilst  an  empty  kibble  is  placed  upon  the  trolley  and 
trammed  along  the  level  to  the  spot  where  it  is  again  loaded 
from  a  shoot  or  by  the  shovel. 

Wheels  for  mine  waggons  generally  have  a  single  flange,  and 
are  made  of  ordinary  cast-iron,  chilled  cast-iron,  cast  steel,  or 
forged  steel.  Steel  and  chilled  cast-iron  are  the  materials  most 
in  favour ;  both  have  advantages.  The  wheels  made  of  chilled 
cast-ii'on  are  rather  heavier  than  those  of  steel,  and  are  brittle  ; 
the  flange,  for  instance,  will  break  under  a  blow  which  will  not 
damage  a  steel  wheel ;  but  a  pair  of  chilled  wheels  will  often 
outwear  several  pairs  of  steel  wheels  if  they  happen  to  escape 
the  hard  raps  to  which  mine  waggons  are  liable. 

Under  Eyre's  patent,  wheels  are  made  by  forging  a  steel 
bloom  under  a  steam  hammer  into  dies ;  they  are  reported  to 
give  great  satisfaction  and  to  be  capable  of  standing  much 
knocking  about. 

Wheels  with  two  flanges  are  used  in  the  Festiniog  slate 
mines,  and  are  considered  best  fitted  for  the  work  on  account 
of  the  sharp  turns  in  the  roads. 

Much  difference  of  opinion  and  practice  exists  concerning  the 
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attachment  of  the  wheels.  Four  systems  are  in  vogue :  axles 
fixed  and  wheels  running  loose  on  them ;  wheels  fixed  to  the 
axles,  which  run  loose  in  pedestals  attached  to  the  frame  or  to 
the  body  of  the  waggon ;  thirdly,  a  combination  of  these  two 
systems — viz.,  wheels  running  loose  on  the  axles  and  axles  run- 
ning loose  in  the  pedestals;  fourthly,  one  wheel  fast  on  the 
axle,  and  the  other  loose. 

At  a  first  glance  it  might  be  thought  that  it  would  undoubtedly 
be  best  to  follow  the  lead  of  the  great  railways,  and  have  the 
wheels  fixed  to  the  axles,  because  experience  has  shown  that 
this  system  answers  so  well  above  ground.  Nevertheless,  it 
must  be  remembered  that  the  conditions  of  underground  roads 
are  often  very  different,  the  curves  are  frequently  of  very  small 
radius,  and  there  is  usually  more  difficulty  in  keeping  the  roads 
in  perfect  order.  By  allowing  the  wheels  and  axles  both  to  be 
loose,  the  Festiniog  miner,  for  instance,  who  may  be  tramming 
out  a  block  of  slate  i8  feet  long,  can  slew  his  load  on  the  truck 
and  so  pass  round  sharp  curves  which  would  oppose  an  insur- 
mountable obstacle  if  the  wheels  or  axles  were  fixed.  Loose 
wheels  with  loose  axles  look  clumsy  and  unnatural,  and  in  spite 
of  all  that  may  be  said  in  their  defence,  it  is  probable  that  it 
would  in  many  cases  pay  the  mine  owner  to  improve  the  condi- 
tion of  his  roads  and  so  render  a  more  stable  form  of  waggon 
available. 

Lubrication  of  the  bearing  parts  is  too  often  performed  in  a 
perfunctory  and  wasteful  manner,  especially  in  mines  where 
the  waggon  never  comes  to  the  surface  except  for  repairs.  A 
little  grease  or  oil  applied  at  the  beginning  and  in  the  middle 
of  the  shift  is  all  that  is  considered  necessary.  Such  a  pro- 
cedure must  be  defective;  either  there  is  too  much  of  the 
lubricant  at  first,  or  there  is  too  little  after  the  waggon  has  been 
in  use  for  a  time. 

An  automatic  lubricating  apparatus  is  sometimes  fixed  in  the 
road,  and  every  waggon  is  greased  in  going  over  it.  The  appar 
ratus  consists  of  a  wheel  placed  in  a  trough  containing  the 
grease,  and  as  each  axle  touches  this  wheel  it  receives  a  little 
lubricant.  A  defect  of  these  lubricators  is  that  when  a  waggon 
is  going  at  great  speed,  as  is  the  case  with  some  systems  of 
underground  haulage,  the  grease  is  flung  about  and  wasted; 
besides,  where  a  bearing  can  be  greased  in  this  manner  it 
is  necessarily  exposed  to  the  dust  or  mud  of  the  mine,  which 
must  cause  wear  and  friction.  It  is  better  to  provide  constant 
lubrication  and  to  protect  the  bearing  parts  as  much  as  possible 
from  dirt. 

One  method  by  which  this  object  is  attained  is  shown  in  Figs. 
409  and  410,  which  represent  a  waggon  used  at  some  collieries 
at  Saint  Etienne,  in  France,  and  embodying  the  results  of  long 
experience.     The  wheel,  which  is  made  of  steel,  is  placed  under 
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the  waggon,  and  the  journal  is  encased  in  a  chamber  kept  full 
of  oil.  The  chamber  has  two  holes  which  serve  for  passing  in 
the  linch-pin  and  putting  in  the  oil.    They  are  afterwards  closed 

Fio.  409. 


Fio.  41a 
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with  plugs.  Other  points  which  may  be  noticed  about  this 
waggon  are  its  shape  and  mode  of  construction.  The  body  is 
oval  and  made  up  of  wooden  staves  like  a  barrel. 

As  an  example  of  a  waggon  constructed  entirely  of  steel,  a 
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"  tram  "  designed  for  the  Llanbradach  colliery  by  Mr.  Galloway 
(Figs.  411  and  412)  may  be  cited.  The  body  has  the  form 
of  a  very  blunt  oval ;  it  is  made  of  sheet  steel  /^  inch  thick, 
stiffened  round  the  top  by  channel  steel.  The  wheels  are  fixed 
to  the  axles,  which  are  kept  constantly  lubricated  by  Stauffer's 


lubricators  placed  immediately  above  them  in  the  hollow  axle- 
boxes.  The  empty  waggon  weighs  1 2  cwt.  and  will  carry  2  tons 
of  coal,  when  the  load  is  built  up  higher  than  the  sides. 

When  dealing  with  a  tender  mineral  like  coal,  which  decreases 
in  value  if  knocked  about,  it  is  important  to  reduce  the  effects 
of  bumping  to  a  minimum ;  and  with  this  object  in  view  the 
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waggon  rests  upon  eprings  and  the  buffers  ore  elastic.     The 
consequence  is    that  the  waggon  runs  very  smoothly,  and  is 
likely  to  require  less  expenditure  for  repairs  than  one  con- 
structed   in    the    ordinary   fashion   without  tbeee  appliances. 
There  will  likewise  be  a  diminu- 
tion   in    the    quantity    of    dust  Fig.  413. 
dropped  on  the  road,  a  matter  of 
moment  in  collieriea 

The  Hardy  Patent  Pick  Com- 
pany makes  self-oiling  pedestals 
for  waggons  with  &e  wheels 
fast  upon  the  axles  (Fig.  413); 
a  is  the  upper  part  of  the 
pedestal,  and  b  the  lower  part, 

containing  felt  or  wool  saturated  with  oil.  This  presses  lightly 
against  the  axle  and  keeps  it  oiled  for  several  weeks,  without 
requiring  any  attention. 

It  will  be  seen  from  these  remarks  that  a  number  of  points 
have  to  be  considered  in  designing  a  mine  waggon.  They  may 
be  summed  up  as  follows : — 

Smallest  weight  compatible  with  strength. 

Small  height,  if  the  waggon  is  to  be  filled  with  the  shovel. 

Protection  of  the  wheels  from  injury. 

Constant  lubrication. 

Adoption  of  a  uniform  type  of  waggon  for  the  mine. 

Material  which  causes  the  least  expenditure  for  repairs. 

Easy  handling  and  easy  replacement  upon  the  rails. 

In  a  few  exceptional  cases  the  mineral  raised  in  the  mine 
does  not  require  a  box  or  chest.  This  happens  with  slate,  for 
the  blocks  are  brought  up  on  trucks  to  which  they  are  made 
fast  by  chains. 

(e)  Heana  of  PropulBlon.  —  The  power  for  moving  mine 
waggons  is  obtained  from  one  of  the  following  sources  ; — 

1.  Hon,  boys,  women,  and  girls. 

2.  Horses,  ponies,  donke;*,  and  mules. 

3.  Gravity  actiog  opaa  the  material  moved. 

4.  Machines  driven  by  steam,  water,  compressed  air,  nnd  elec- 

tricity. 
I.  Human  I.abour. — Female  labour  underground  is  prohibited 
by  taw  in  the  United  Kingdom,  and  no  doubt  it  is  destined  to 
disappear  in  other  countries.  We  need  only  deal  with  men  and 
boya  Where  the  passages  are  high  enough  to  take  waggons 
standing  3  feet  above  the  ground,  men  are  usually  employed  for 
drawing  or  pushing  them.  It  is  convenient  to  have  waggons 
small  enough  to  be  handled  by  one  man,  and  also  to  he  put  back 
on  to  the  road  by  one  man,  if  by  chance  they  leave  the  rails. 

The  large  waggons  and  loads  at  Festiniog  require  two  men, 
for  the  load  of  rubbish  commonly  amounts  to  i|^  or  2  tons.    The 
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waggon  and  load  together  may  weigh  as  much  as  2|^  tons.  The 
men  who  push  out  these  waggons  usually  do  the  loading  also, 
shov^ing  in  the  small  pieces  and  lifting  on  the  large  ones. 

2.  Animal  Labour. — ^Traction  by  horses,  ponies,  mules,  or 
asses  is  cheaper  than  by  human  power,  but  is  not  always  ob- 
tainable. There  are  many  ore  mines  in  which  it  would  be 
impossible  to  lower  a  horse  down  the  shaft;  and  even  where 
the  descent  could  take  place,  there  would  often  be  the  further 
drawback,  that  as  the  work  proceeds  with  comparative  slow- 
ness, owing  to  the  hardness  of  the  rock,  there  would  not  be 
"stuflF"  iuough  broken  in  a  given  time  to  keep  a  horse  con- 
stantly employed  at  any  particular  level,  whilst  shifting  it  from 
one  level  lo  another  would  entail  much  difficulty. 

The  load  drawn  by  a  horse  at  the  Festiniog  slate  mines  is  as 
much  as  eight  waggons,  a  gross  weight  of  20  tons,  or  net  weight 
of  16  tons,  along  a  road  with  an  inclination  of  |  inch  per  yard. 

Where  a  mine  is  entered  by  a  shaft,  the  horses  are  stabled 
below  ground,  *^nd  much  care  is  taken  in  many  instances  to 
provide  proper  accommodation  for  them.  The  stables  are  paved 
with  bricks  or  concrete,  sloping  towards  a  gutter ;  each  horse 
has  its  stall,  or  a  loose  board  is  hung  between  every  horse  and 
its  neighbour.     Clean  water  is  at  hand  for  drinking. 

In  England  it  is  usual  to  give  horses  33  to  36  lbs.  of  food  a 
day.  14  lbs.  being  hay  and  9  lbs.  bran.  At  a  French  colliery 
the  daily  allowance  of  food  was  22  lbs.  of  oats,  11  lbs.  of  hay, 
and  4^  lbs.  of  bran.  In  addition  each  horse  had  1 1  lbs.  of  straw 
per  day  as  litter.  In  America  the  usual  allowance  for  mules  is 
18  lbs.  of  grain  and  12  lbs.  of  hay  daily. 

The  horses  do  not  always  belong  to  the  mining  company ;  at 
Festiniog,  where  the  workshops  can  be  entered  by  adits,  horses 
are  hired  from  persons  in  the  district,  who  supply  a  horse  and 
man  for  eight  shillings  per  day,  and  pay  all  the  cost  of  food  and 
stabling. 

3.  Gravity. — In  working  stratified  deposits,  it  is  often  neces- 
sary or  convenient  to  lower  a  waggon  down  an  inclined  plane 
made  along  the  dip.  At  Mansfeld,  for  instance,  instead  of 
maintaining  a  number  of  levels  at  short  intervals  apart,  it  is 
more  economical  to  reserve  only  a  few  for  traffic,  and  abandon 
certain  portions,  as  already  pointed  out  in  Chapter  VI.  The 
waggons  then  have  to  be  lowered  from  the  working  level  to 
one  which  is  kept  up  as  a  main  roadway.  Inclines  for  this 
purpose  have  two  lines  of  rails,  one  for  the  descending  and  the 
other  for  the  ascending  waggon.  A  wire  rope  or  a  chain  passes 
round  a  pulley  or  drum  at  the  top,  the  axis  of  which  may  be 
horizontal  or  at  right  angles  to  the  plane  of  the  deposit.  Each 
end  of  the  rope  can  be  hooked  on  to  a  waggon,  and  the  weight 
of  the  full  waggon  going  down  suffices  to  raise  the  empty  one 
The  speed  is  regulated  by  a  brake  on  the  pulley  or  drum. 
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Another  method  of  working  inclines  is  to  make  the  full 
waggon  draw  up  a  weight,  running  on  a  special  line  of  rails, 
which  is  heavy  enough  to  bring  up  the  empty  when  it  descends. 
In  order  to  economise  space,  the  line  of  rails  for  the  weight 
may  be  made  narrower  than  the  one  used  for  the  waggon,  and 
may  be  laid  between  the  two  main  rails. 

If  the  incline  is  steep,  a  carriage  with  a  horizontal  platform 
is  provided.  The  mine  waggon  is  pushed  on  to  this  travelling 
platform  and  ascends  or  descends  in  its  ordinary  position. 

4.  Machinery. — Underground  haulage  may  be  carried  on 
either  by  travelling  engines  or  stationary  engines. 

LocomotiveB  fired  with  coal  have  tbt^  great  disadvantage  of 
polluting  the  air  by  the  products  of  combustion,  consequently 
they  are  not  available  unless  the  ventilation  is  very  good,  nor 
unless  there  is  absence  of  inflammable  gases  and  freedom  from 
the  risk  of  setting  fire  to  the  timbering  or  to  the  mineral  itself. 
A  small  locomotive  of  two  horse-power  nominal  is  used  on  an  18^ 
inch  track  in  the  long  adit  of  the  Great  Laxey  lead  and  zinc  mine 
in  the  Isle  of  Man ;  and  at  the  Hio  Tinto  in  Spain  a  much  larger 
engine  plies  in  the  adit  on  a  line  with  a  gauge  of  3  feet  6  inches. 

Locomotives  driven  by  compressed  air,  carried  in  a  reservoir 
upon  a  tender,  improve  the  ventilation  instead  of  injuring  it, 
and  are  not  a  possible  source  of  danger  from  fire  ;  but,  except  in 
special  cases,  they  cannot  be  worked  so  cheaply  as  engines  fired 
with  coal.  However,  the  advantages  they  afford  have  led  to 
their  adoption  in  some  mines ;  and  air  locomotives  are  employed 
in  several  mines  in  the  North  of  England ;  and  in  the  United 
States  the  compressed  air  mine  locomotives  made  by  the  H.  K. 
Porter  Company,  of  Pittsburg,  have  given  good  results  at  the 
Anaconda  copper  mine,  Montana,  at  the  Empire  gold  mine, 
California,  and  elsewhere. 

To  overcome  the  inconveniences  and  dangers  of  engines  of  the 
ordinary  type,  fireless  locomotives  have  been  proposed  and  con- 
structed. That  of  Lamm  and  Franck  has  a  cylindrical  reser- 
voir, instead  of  the  boiler,  filled  three-quarters  full  of  water. 
The  reservoir  is  heated  by  steam  from  the  surface,  until  it  is 
capable  of  giving  off  vapour  with  a  pressure  of  235  to  294  lbs. 
per  square  inch  (16  to  20  atmospheres).  As  the  temperature 
and  consequently  the  pressure  of  the  steam  supplied  by  the 
reservoir  are  constantly  falling,  a  regulator  is  interposed  between 
the  reservoir  and  the  steam  cylinder,  which  enables  both  the 
pressure  of  the  steam  and  the  amount  of  expansion  to  be 
changed  at  will.  The  fact  that  these  locomotives  work  with 
decreasing  power  militates  against  their  use  underground. 

Holland's  fireless  locomotive  is  similar.  His  reservoir  has  a 
capacity  of  19^  cubic  feet  (0*550  cb.  m.),  and  contains  water  at  a 
temperature  of  205°  C,  or  with  a  pressure  of  235  lbs.  per  square 
inch  (16  atmospheres). 

2  B 
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The  Honigmann  locomotive  depends  upon  the  fact  that  a 
solution  of  caustic  soda,  of  a  certain  strength,  will  absorb  steam 
and  give  out  heat.  This  heat  is  utilised  to  convert  hot  water 
into  steam,  which  works  an  engine  and  then  passes  into  the 
soda  solution,  causing  a  further  development  of  heat.  The  pro- 
cess of  steam-making  goes  on  thus  of  itself,  until  the  soda  solu- 
tion reaches  a  certain  stage  of  dilution.  The  locomotive  is 
restored  to  a  state  of  activity  by  bringing  back  the  solution  to 
the  proper  degree  of  saturation.  This  is  done  by  passing  steam 
from  a  stationary  boiler  through  coils  of  tubes  in  the  reservoir 
containing  the  soda,  a  process  occupying  little  time.  A  loco- 
motive of  this  type  gave  satisfactory  results  at  the  flooded 
Mansf eld  copper  mines  in  1 889 ;  but  owing  to  its  great  weight 
and  high  price,  it  has  not  proved  suitable  for  use  underground. 
Benzine  and  petrol  locomotives  have  proved  successful  in  mines 
in  Belgium  and  Upper  Silesia.  They  use  about  9  lbs.  of  benzine 
per  horse-power-hour ;  and  the  cost  of  an  8  horse-power  loco- 
motive is  about  jC^So, 

Stationary  Engines. — An  enormous  amount  of  underground 
traf&c  is  carried  on  by  some  system  in  which  the  power  for 
haulage  is  derived  from  an  engine  placed  above  or  below  ground ; 
but  the  practice  is  far  more  developed  in  collieries  than  in  vein 
mines,  where  much  smaller  quantities  of  mineral  are  handled. 
The  systems  of  haulage  may  be  classified  thus : — 

Steam  or  water  power  at  the  surface, )  i.  Ropes. 

transmitted    to    machinery  ander  >  2.  Compressed  air. 

ground  by )  3.  Electricity. 

Water  power  below  ground  driving  the  machinery. 

Steam  power  below  ground  driving  the  \  ''  ^Z^Z^}^1^  ^"""^^  ^^**°' 
maXinery   .  .        .        .     )         brought  down  m  pipes. 

^  /    •  f  2.  Boilers  bolow  ground. 

Petroleum  engine  below  ground  driving  the  machinery. 

The  subject  of  the  transmission  of  power  has  already  been 
sufficiently  discussed  in  Chapter  lY.,  and  need  not  be  dealt  with 
here,  save  that  it  is  necessary  to  point  out  that  the  conditions 
of  the  problem  are  not  the  same  when  power  has  to  be  applied 
to  haulage,  as  when  it  is  required  in  a  constantly  changing 
working  face.  As  the  mineral  has  to  be  brought  to  the  shaft, 
the  engine  and  its  boiler,  if  necessary,  can  be  placed  in  the  im- 
mediate vicinity  of  .the  pit-bottom,  and  the  exhaust  steam  can  be 
got  rid  of  without  interfering  with  the  comfort  of  the  men  or 
injuring  the  condition  of  the  workings.  Proper  rooms  can  be 
made  for  the  engine  and  the  boiler,  coal  can  be  brought  down 
and  the  ashes  removed  without  difficulty.  Everything  can  be 
arranged  in  a  permanent  and  substantial  fashion,  so  that  steam 
power  may  be  generated  for  haulage  purposes  below  ground 
when  it  would  not  be  practicable  to  employ  it  for  breaking  down 
the  mineral.     Again,  when  power  has  merely  to  be  transmitted 


HAULAGE.  387 

down  a  vertical  shaft  in  order  to  work  a  drum  near  the  bottom, 
endless  ropes  may  be  used,  although  they  would  be  quite  out  of 
place  if  they  had  to  be  carried  along  narrow,  low,  and  ci*ooked 
levels.  For  subsidiary  haulage  purposes — that  is  to  say,  for 
bringing  trams  from  the  immediate  vicinity  of  the  workings  to 
a  main  line — Galloway  employs  a  small  engine  with  two  drums 
placed  upon  a  waggon,  which  is  small  enough  to  go  into  the 
cage  and  which  will  run  upon  its  own  wheels  along  the  under- 
ground railways.  It  can  therefore  be  moved  about  as  required, 
and  when  coupled  up  to  the  compressed  air  main  can  be  set  to 
work  immediately  to  haul  out  trams,  instead  of  employing  horses 
for  this  work. 

We  will  suppose  that  the  question  of  the  most  suitable  driving 
machinery  has  been  settled  according  to  the  circumstances  of  the 
case,  and  that  the  miner  has  to  consider  how  he  will  apply  it  to 
the  transport  of  mineral.     Five  systems  are  in  use : — 

i.  Single  rope, 
ii.  Main  and  tail  ropes, 
iii.  Endless  rope, 
iv.  Endless  chain. 
V.  Electric  locomotive. 

i.  Single  Bope. — ^This  system  is  available  with  a  road  suffi- 
ciently inclined  for  the  empty  waggon  train  or  set  to  run  down 
of  itself,  after  the  load  has  been  brought  up,  and  draw  back  the 
rope  with  it.  One  road  will  suffice,  and  the  machinery  required 
will  be  some  kind  of  drum,  around  which  the  rope  is  coiled,  and 
an  engine  for  driving  it. 

The  drum  is  usually  placed  horizontally ;  it  is  provided  with 
a  brake,  and  there  is  a  disengaging  clutch  by  which  it  can  be 
thrown  in  or  out  of  gear  with  the  engine.  A  pair  of  horizontal 
engines,  which  have  their  cranks  upon  the  drum-shaft,  or  which 
drive  it  by  means  of  a  pinion  and  spur  wheel,  form  the  common 
method  of  applying  the  power. 

The  wire  rope  has  one  end  fixed  to  the  drum  and  the  other  is 
provided  with  a  hook  of  some  kind ;  this  is  attached  to  a  link  of 
the  coupling  chain  of  the  truck  and  the  load  is  drawn  up.  On 
reaching  the  top  of  the  incline  or  engine-plane,  the  waggon  or 
set  is  unhooked,  generally  automatically,  and  either  pushed,  or 
allowed  to  descend  by  its  own  gravity,  to  the  pit-bottom,  where 
the  onsetter  runs  it  on  to  the  cage  in  which  it  is  raised  to  the 
surface. 

An  empty  waggon  is  then  hooked  on  and  run  on  to  the  incline, 
and  the  engineman,  with  his  brake  under  proper  control,  dis- 
engages the  drum  by  means  of  the  clutch,  and  lowers  the  load 
without  using  any  steam.  When  worked  in  this  way,  the  incline 
requires  only  one  line  of  rails.  A  series  of  rollers  have  to  be 
put  in  for  the  purpose  of  keeping  the  rope  from  trailing  on  the 
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ground,  and  of  thus  preventing  much  unnecessary  wear  and 
friction.  These  rollers  are  small  wooden,  cast-iron,  or  steel 
cylinders,  often  with  a  low  flange  at  each  end  to  keep  the  rope 
in  its  place ;  they  are  laid  horizontally,  and  are  capable  of 
revolving  around  a  horizontal  spindle.  Care  is,  or  ought  to  be, 
taken  to  see  that  they  are  very  correctly  set,  and  that  they  are 
well  lubncated,  so  that  they  may  revolve  freely  when  the  rope 
is  drawn  over  them ;  otherwise  the  strands  are  sure  to  be  worn 
down  rapidly  from  rubbing  against  them. 

The  incline  may  also  be  worked  with  two  lines  of  rails,  after 
the  fashion  of  the  self-acting  inclines ;  and  this  system  has  the 
advantage  of  being  more  economical,  for  the  dead  weight  of 
the  loaded  waggon  coming  iip  is  balanced  by  the  weight  of  the 
empty  one  going  down.  It  is  not  even  necessary  to  have  two 
lines  all  the  way ;  provided  there  is  a  sufficient  length  of  double 
line  where  the  waggons  meet,  the  incline  can  be  worked  with  a 
length  of  single  line  at  the  top  and  a  similar  length  of  single 
line  at  the  bottom.  To  prevent  a  waggon  from  running  down 
in  case  a  coupling  link  or  the  rope  should  break,  a  safety 
appliance,  called  a  backstay,  may  be  attached  to  it.  It  is  a  sort 
of  fork  which  hangs  behind  the  waggon,  and  just  touches  the 
ground ;  if  the  rope  breaks,  it  digs  itself  into  the  road  and  pre- 
vents the  waggon  from  going  down.  Of  course  it  can  only  be 
used  while  the  waggons  are  being  raised,  but  it  is  during  the 
journey  of  the  loaded  waggon  that  the  rope  is  most  likely  to 
break. 

ii.  Main  and  Tail  Bopea. — On  the  engine-planes  just  de- 
scribed, the  empty  waggon  goes  back  under  the  action  of 
gravity ;  but  with  very  slightly  inclined,  flat,  or  undulating 
roads  this  is  impossible.  One  method  of  getting  over  this  diffi- 
culty is  to  add  a  rope,  called  the  "  tail  rope,"  which  will  draw 
the  empties  back ;  the  rope  which  draws  the  full  waggons  is 
known  as  the  "  main  rope." 

The  system  is  perhaps  best  explained  by  a  diagram  (Fig.  414) : 
a  is  a  drum  upon  which  is  coiled  the  strong  main  rope ;  h  is 
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another  drum  upon  which  is  coiled  the  tail  rope,  passing  round 
the  pulley  c.  The  waggons  are  coupled  together  and  form  the 
train  or  "  set,"  which  may  in  reality  consist  of  as  many  as  100 
waggons.  Suitable  clutches  enable  either  drum  to  be  worked 
at  pleasure  by  the  engine,  while  the  other  is  allowed  to  run 
loose  upon  the  shaft.     Each  drum  has  a  brake,  by  means  of 
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which  the  rope  can  be  prevented  from  becoming  too  slack  while 
uncoiling  itself.  When  the  drum  a  is  made  to  revolve  by  the 
engine,  the  main  rope  is  wound  up,  the  drum  b  running  loose, 
and  the  train  or  "  set "  is  drawn  from  c  to  a.  Here  the  waggons 
are  uncoupled  and  pushed  to  the  shaft,  or,  better,  the  station  at 
a  is  arranged  so  that  it  is  sufficiently  high  for  the  waggons  to 
run  down  of  themselves  under  the  action  of  gravity.  A  new 
train  of  empties  is  then  made  up,  the  tail  and  main  ropes  are 
attached  to  it,  and  the  drum  b  is  set  in  motion  so  as  to  wind  up 
the  tail  rope  and  draw  the  waggons  into  the  terminus  at  c. 
It  will  be  evident  from  a  glance  at  the  figiu'e  that  the  tail  rope 
must  be  twice  as  long  as  the  main  rope.  As  the  tail  rope  has 
simply  a  train  of  empties  to  haul  out,  it  may  be  made  smaller 
than  the  main  rope,  except  in  cases  where  the  road  has  a  down- 
ward inclination  towards  the  shaft  sufficient  to  cause  the  loaded 
train  to  run  down  of  itself  and  draw  the  tail  rope  after  it. 

A  single  line  suffices  for  this  system  of  haulage ;  the  main 
rope  lies  in  the  middle  of  the  road,  resting  upon  a  series  of 
horizontal  rollers  similar  to  those  used  upon  ordinary  inclined 
planes.  Where  there  are  curves,  however,  the  rope  must  be 
guided  by  small  vertical  rollers.  The  tail  rope  is  brought  along 
the  side  of  the  road,  or  if  more  convenient,  along  a  separate 
road,  also  resting  upon  rollers  or  pulleys  and  suitably  guided  at 
the  curves.  The  system  is  applicable  to  roads  of  varying 
gradients,  and  arrangements  can  easily  be  made  for  working 
branches,  by  having  a  special  piece  of  tail  rope  in  each  branch 
going  round  a  pulley  at  the  end  of  it.  When  mineral  has  to  be 
drawn  away  from  the  branch,  the  piece  of  tail  rope  on  the  main 
road  beyond  the  junction  is  disconnected,  and  the  piece  belong- 
ing to  the  branch  is  attached.  Traffic  then  goes  on  as  before, 
save  that  the  train  is  made  up  in  the  branch.  Another  plan  is 
to  disconnect  the  tail  rope  at  the  end  of  the  train,  and  couple 
one  end  of  the  branch  rope  to  the  train  and  the  other  to  the 
free  end  of  the  ordinary  tail  rope.  During  the  running  of  a 
train  the  tail  rope  then  goes  round  the  pulley  at  the  end  of  the 
main  road,  passes  round  another  at  the  junction  of  the  two 
roads,  proceeds  along  the  branch  round  its  terminal  pulley,  and 
back  to  a  pulley  which  again  puts  it  into  the  direction  of  the 
main  road. 

The  trains  are  in  a  large  number  of  cases  made  to  run  at  a 
great  speed,  even  as  much  as  10  or  15  miles  or  more  an  hour, 
and  if  by  some  mischance  an  accident  does  happen  from  one  of 
the  waggons  getting  off  the  road,  a  good  deal  of  damage  may  be 
done  to  the  train  and  roadway. 

iii.  Endless  Rope. — A  favourite  method  of  underground 
haulage  is  by  an  endless  rope  passing  round  a  pulley  at  each 
terminus,  and  generally  travelling  continuously  in  the  same 
direction.     The  rope  is  kept  in  a  state  of  tension  by  passing  it 
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round  a  tightening  sheave,  which  in  some  instances  is  one  of 
the  terminal  pulleys.  The  tightening  sheave  or  pulley  is  carried 
by  a  frame  running  upon  wheels,  and  is  constantly  drawn  back 
by  a  heavy  weight.  The  necessary  grip  of  the  rope  is  obtained 
by  coiling  it  several  times  round  the  driving  drum,  or  around 
a  driving  pulley  with  grooves  and  a  second  grooved  pulley  close 
by  ;  the  rope  wraps  itself,  for  instance,  upon  three  half  circum- 
ferences of  one  pulley  and  two  of  the  other.  The  speed  of  an 
endless  rope  is  usually  from  two  to  three  miles  an  hour,  though 
instances  might  be  cited  of  as  low  a  speed  as  one  mile  an  hour. 
The  endless  rope  system  admits  of  so  many  modifications  that 
it  is  necessary  at  once  to  classify  them  before  entering  into  any 
details.     We  may  begin  by  making  two  broad  divisions : — 

Waggons  attached  singly  at  intervals  along  the  rope. 
Waggons  attached  in  groaps  or  trains  {sets). 

Waggons  Attached  Singly, — Two  distinct  lines  of  rails  are 
required,  because  there  is  a  constant  stream  of  full  waggons 
coming  out  to  the  shaft  and  a  constant  stream  of  empties  going 
into  the  workings. 

This  class  has  two  subdivisions  : — 

Rope  above  the  waggons. 
Kope  below  the  waggons. 

When  the  rope  is  above  the  waggons,  no  rollers  are  necessary 
except  at  the  curves.  Several  modes  of  attaching  the  waggon 
to  the  rope  are  in  use. 

If  the  gradient  is  all  up  hill  a  very  simple  clip  is  sufficient. 
The  rope  is  made  to  rest  in  a  fork  on  the  waggon,  and  as  it 
is  bent  slightly  out  of  the  line  of  pull  when  in  motion,  it  is  held 
tightly  enough  by  friction  to  draw  along  the  load.  If  the 
gradient  varies,  a  fork  is  put  on  each  end  of  the  waggon,  or  a 
screw  clip  is  employed  ;  this  resembles  a  pair  of  tongs,  the  jaws 
of  which  are  brought  tightly  together  by  a  screw  worked  by  a 
handle,  and  hold  the  rope  with  a  firm  grip. 

Another  common  attachment  is  by  a  piece  of  chain  6  or  8 
feet  long  with  a  hook  at  each  end.  A  boy  puts  one  hook  into  an 
eye  on  the  drawbar  of  the  waggon,  and  giving  the  other  end 
of  the  chain  four  turns  round  the  rope  makes  it  fast  in  the 
hook.  To  detach  a  waggon  the  boy  presses  down  the  chain  near 
the  waggon,  takes  out  the  hook  from  the  drawbar,  and  then 
unwinds  the  other  end  from  the  rope.  After  a  little  practice 
the  boys  become  very  dexterous  in  this  hooking  on  and  off,  and 
perform  these  operations  with  great  rapidity.  If  there  is  a 
downward  gradient  the  waggon  would  outrun  the  rope,  and  it 
is  necessary  to  put  a  chain  at  the  rear  end  as  well  as  in  front. 

When  the  rope  is  below  the  waggons,  rollers  are  required  on 
the  road,  similar  to  those  already  described  for  engine-planes 
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Fig.  415.        Fio.  416. 


and  main  and  tail  ropes.  The  attachment  to  the  rope  is  made 
by  some  form  of  clip.  At  the  Hodborrow  iron  mine  in  Cumber- 
land, Rice's  clutch  (Figs.  415  and  416)  has  been  used  for  many 
years  with  good  results.  The  rope  can  be  put  in  or  taken  out 
sideways  after  raising  the  sliding  piece  A  as  far  as  the  project- 
ing pin.  The  clip  is  hung  by  its  hook  on  to  the  waggon  and 
the  rope  is  lifted  in ;  the  motion  of 
the  rope  draws  the  clip  a  little  away 
from  the  vertical,  and  this  slight 
deviation  of  the  groove  from  the 
line  of  pull  gives  sufficient  grip  for 
haulage. 

The  number  of  clips  or  clutches  is 
very  great,  and  it  would  be  useless 
to  attempt  to  describe  them  all  within 
the  limits  of  this  work. 

An  advantage  of  this  system  is 
the  smooth  and  regular  manner  in 
which  it  works.  The  waggons  are 
attached  at  intervals  of  about  20 
yards,  or  even  less,  and  they  arrive 
without  the  bustle  of  a  long  train. 
The  men  and  boys  are  kept  con- 
stantly  employed,   but   have   ample 

time  for  doing  all  that  is  required  of  them.  If  a  waggon  goes 
off  the  line,  it  is  true  that  a  large  number  of  the  succeeding 
ones  may  be  thrown  off  too,  before  the  damage  becomes  known ; 
but  the  absence  of  a  high  speed  tends  to  render  the  conse- 
quences less  perilous  than  with  the  fast-running  trains  of  the 
main  and  tail  rope  system. 

Waggons  Attached  in  Groups  or   Trains  {Sets), — As  in   the 
previous  case,  there  are  two  subdivisions  : — 

Rope  above  the  waggons. 
Rope  below  the  waggons. 

The  former  of  these  two  methods  is  very  easily  understood. 
For  instance,  several  waggons  may  be  coupled  together,  and  the 
train  thus  formed  is  connected  to  the  moving  rope  by  a  short 
piece  of  chain  with  two  hooks,  in  the  manner  described  for  a 
single  waggon.  Other  attachments  are  of  course  available. 
The  second  subdivision  admits  of  a  great  many  varieties  : 
(a)  Single  road,  with  a  siding  or  sidings  for  the  full  train  to 
pass  the  empty  one. — (ai)  Single  central  siding. — The  rope  is 
arranged  in  the  form  of  a  double  loop,  represented  diagramma- 
tically  by  the  dotted  line  (Fig.  417) ;  S  denotes  the  shaft  end  of 
the  haulage  system,  W  the  end  near  the  workings,  and  C  the 
central  siding.  The  full  lines  indicate  the  railroads.  When 
moving  in  the  manner  shown  by  the  arrows,  the  rope  brings 
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out  a  train  of  full  waggons  from  the  workings,  and  takes  in  a 
train  of  empties  from  the  shaft.  On  arriving  at  the  central 
siding  the  rope  is  stopped,  the  empties  are  shunted  on  to  the 
siding,  and  the  train  full  of  waggons  is  attached  to  the  part  of 
the  rope  which  has  just  brought  in  these  empties.  The  empties 
are  shunted  back  on  to  the  main  line  and  attached  to  the  part 
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of  the  rope  just  used  for  bringing  out  the  full  waggons.  On 
reversing  the  motion  of  the  engine,  the  empties  proceed  to  the 
workings  and  the  full  train  travels  to  the  shaft. 

(a2)  One  or  more  sidings. — The  two  ropes  (Fig.  418)  lie 
within  the  road,  except  at  the  sidings,  each  of  which  has  one  of 
them.  There  are  points  at  the  ends  of  the  sidings  for  diverting 
the  trains  on  to  the  proper  roads.  Each  train  has  a  special 
truck,  or  hogie^  in  front,  upon  which  rides  a  conductor.  It  is 
his  business  to  pick  up  with  a  hook  the  rope  he  requires,  and 

Fig.  418. 


grip  it  with  his  clutch ;  his  train  then  moves  along  on  to  the 
main  line  till  he  comes  to  a  pass-by.  A  boy  attending  to  the 
points  makes  the  train  take  the  proper  line,  and  if  one  train 
arrives  a  little  too  early  for  the  passing,  the  conductor  loosens 
his  clutch  and  bnngs  his  train  to  a  standstill  until  the  other 
train  has  gone  by.  He  can  then  proceed  along  the  main  road 
till  it  becomes  necessary  to  cross  a  second  train. 

(jS)  Two  roads  formed  by  three  rails  with  one  or  more  sidings 
for  the  passing  of  trains. — One-half  of  the  endless  rope  (Fig. 
iiiQ)  lies  in  the  middle  of  one  track,  and  the  other  in  the 
middle  of  the  other  track.     The  trains  pass  as  they  did  in  the 

Fig.  419. 
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previous  system  ;  but  there  is  the  advantage  that  no  points  are 
required. 

(y)  Two  entirely  separate  lines  of  rails. — In  this  case  (Fig. 
420)  no  intermediate  sidings  or  points  are  necessary,  for  each 
train  has  its  own  line,  and  the  services  of  the  conductor  can  be 
dispensed  with. 
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In  making  a  choice  between  these  various  methods,  much 
depends  on  the  nature  of  the  roads.  At  some  mines  it  may 
be  difficult  to  keep  a  road  open  of  the  width  necessary  for  two 
separate  lines  of  rails,  or  indeed  for  one ;  so  that  a  system 
which  can  be  worked  by  a  single  line  with  occasional  sidings 
will  be  preferred.  Besides,  it  may  be  necessary  to  iptroduce 
mechanical  haulage  into  a  mine  laid  out  originally  for  horse 
traffic,  and  the  expense  of  making  a  second  road  might  be  fatal 
to  a  double-line  system,  in  spite  of  its  manifest  advantages. 

Fio.  420. 
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iv.  Endless  Chain. — This  may  be  looked  upon  as  a  variety 
of  the  previous  system,  a  chain  being  substituted  for  the  rope. 
The  chain  is  usually  made  to  ride  upon  the  waggons,  and  as 
each  link  lies  in  a  plane  at  right  angles  to  that  of  its  neighbour, 
it  is  easy  to  devise  a  simple  catch  or  clip.  A  common  one  is  a 
bar  with  a  fork  at  the  top,  which  is  attached  to  one  end  of  the 
waggon.  The  waggon  is  pushed  under  the  chain,  which  is 
sagging  down  a  little,  so  that  a  link  lying  vertically  drops  into 
the  fork ;  the  next  link  will  catch  against  the  clip  and  set  the 
waggon  in  motion.  On  arriving  at  the  terminus  the  chain  is 
raised  by  a  pulley,  and  so  lifted  out  of  the  fork.  The  waggons 
are  attached  singly. 

V.  Electric  Bailways. — In  the  previous  four  cases  we  have 
been  dealing  with  the  transmission  of  power  by  a  moving  rope 
or  chain,  we  now  come  to  a  totally  different  solution  of  the 
problem — viz.,  the  transmission  of  power  by  a  wire  or  wires  to  a 
motor  which  runs  on  a  track  and  draws  a  train  of  cars  after  it. 

The  first  electric  locomotive  used  underground  was  started  in 
1882  at  the  Zaukeroda  mines  in  Saxony.  As  an  example  of  an 
electric  railway  may  be  taken  one  of  the  earliest,  which  has 
been  running  since  1884  at  the  Neu-Stassfurt  mine,  where 
potassium  salts  and  rock  salt  are  the  object  of  the  workings. 
The  underground  railway  runs  for  a  distance  of  nearly  1000 
yards  (900  m.)  along  the  strike  of  the  deposit ;  a  cable  is  brought 
down  the  shaft,  and  there  are  two  insulated  conductors  hung 
from  the  roof  of  the  level ;  one  conveys  the  current  to  the  electric 
locomotive  by  means  of  a  slide,  dragged  along  by  a  small  rope, 
and  the  other  has  a  similar  slide  for  the  return.  The  road  in 
this  case  is  perfectly  horizontal,  and  the  locomotive  draws  a  train 
made  up  of  20  waggons.  An  empty  waggon  weighs  400  kil., 
and  takes  a  load  of  750  kil. ;  20  full  waggons  make  up,  therefore, 
a  total  weight  of  23  tons.  The  locomotive  weighs  2*1  tons,  con- 
sequently the  total  weight  of  the  train  is  about  25  tons.  The 
steam  engine  for  driving  the  dynamo  at  the  surface  is  of  about 
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20  horse-power.  The  locomotive  is  3  feet  |  inch  wide  by  4  feet 
1 1  inches  high,  and  8  feet  9  inches  long  between  the  buffers 
(930  mm.  by  1500  mm.  by  2670  mm.),  and  the  centimes  of  the 
axles  are  i8f  inches  (480  mm.)  apart.  The  gauge  of  the  road  is 
24!  inches  (628  mm.),  and  the  diameter  of  the  driving  wheels 
13I  inches  (350  mm.).  The  locomotive  is  made  alike  at  both 
ends,  with  a  seat  for  the  driver,  so  that  he  can  travel  in  either 
direction,  without  having  to  turn  it  round.  It  takes  a  train  five 
minutes  to  run  the  900  metres. 

The  cost  compares  favourably  with  that  required  for  tramming 
by  men  or  horses,  and  in  1888  the  figures  given  were  i^.  per  ton 
per  kilometre  for  the  electric  railway,  and  i  f  d.  for  horses,  and  4d. 
for  men.  In  the  United  States,  at  the  mine  of  the  Wythe  Lead 
and  Zinc  Company,  the  cost  of  electric  haulage  was  2*56  cents 
per  ton  as  compared  with  10  cents  per  ton  for  mule  haulage. 

Comparing  the  electric  railway  with  horse  traffic,  there  are 
other  advantages  besides  that  of  cost.  The  mine  is  kept  much 
sweeter  and  cleaner  from  the  absence  of  the  droppings  of  the  horses, 
and  in  the  particular  case  of  Neu-Stassfurt,  the  animals  would 
suffer  in  their  hoofs  from  constantly  walking  in  the  damp  salt. 

In  some  cases  a  single  wire  hangs  from  the  roof  of  the  level, 
and  the  current  is  brought  down  to  the  motor  on  the  locomotive 
by  a  running  pulley  held  by  a  balanced  arm,  which  ensures 
contact,  although  the  distance  between  the  w^ire  and  the  locomo- 
tive is  not  always  exactly  the  same.  The  return  ciurrent  travels 
along  the  rails.  At  Greenside  lead  mine  in  Westmorland,  there 
are  two  wires  along  the  roof  of  the  level,  one  for  bringing  the 
current  to  the  electric  locomotive  and  the  other  for  the  return. 
As  a  rule,  for  mine  locomotives  the  continuous  current  is  preferred 
to  the  alternating  current.  The  locomotives  working  on  the 
latter  system  at  the  Yajda-Hunyad  iron  mines  in  Hungary 
weigh  3 '4  tons,  and  have  a  speed  of  7^  miles  an  hour.  The 
third  rail  system  is  also  in  use  in  some  mines.  In  this  case 
there  is  a  rack  between  the  two  main  rails,  and  in  it  two  elec- 
trically driven  sprocket-wheels  engage.  These  wheels  drive  the 
locomotive  and  take  the  current  from  the  third  rail  to  the  electric 
motor. 

VI.  GONVEYANOE  BY  BOATS. — This  is  a  very  excep- 
tional method  of  conveying  mineral  underground  at  mines  ;  but 
it  needs  mention  to  make  the  subject  complete. 

In  this  country  there  is  an  adit  level  at  the  Tankerville  and 
Bog  mines  in  Shropshire,  known  as  the  *'  Boat  level,"  because 
the  ore  was  carried  in  boats  to  its  mouth,  a  distance  in  some 
places  of  I  f  miles.  As  the  adit  had  been  driven  with  too  great 
a  fall  originally,  it  was  necessary  to  have  small  locks  under- 
ground, and  so  subdivide  the  whole  length  into  several  parts, 
one  slightly  above  the  other.  This  level  now  serves  simply  as 
a  drainage  tunnel. 
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At  the  Dorothea  mine,  near  Glaus  thai  in  the  Hartz,  there  is 
a  level  more  than  400  yards  below  the  surface,  along  which 
there  was  at  one  time  a  large  amount  of  traffic  by  boats.  The 
level  is  10  feet  high  by  7  feet  wide,  with  5  feet  of  water  in  the 
bottom.  The  boats  used  on  this  underground  canal  were  about 
31  feet  long,  4^  feet  wide  outside,  and  3  feet  deep.  The  part 
used  for  holding  the  ore  had  a  capacity  of^about  220  cubic  feet ; 
the  load  was  5  or  6  tons  of  ore,  and  a  full  load  would  bring  the 
edge  of  the  boat  within  6  inches  of  the  water.  The  boat  was 
propelled  by  the  men,  who  pushed  with  their  feet  against  the 
roof  of  the  level. 

Transport  Above  Ground. 

At  the  beginning  of  this  chapter  it  was  pointed  out  that  it 
would  be  convenient  in  this  place  to  take  the  subject  of  conveyance 
of  mineral  above  ground,  though,  strictly  speaking,  it  would  not 
come  until  after  the  consideration  of  methods  of  raising  ore  and 
rubbish  to  the  surface.  This  part  of  the  subject  must  be  treated 
in  a  somewhat  summary  manner  for  want  of  space,  and  also  for 
the  reason  that  much  that  has  been  said  about  underground  traffic 
will  apply  in  the  case  of  conveyance  above  ground,  indeed,  the 
same  heads  may  be  taken,  with  the  addition  of  a  seventh — 
transport  by  aerial  ropeways. 

I.  Shoots  made  of  timber,  with  the  wearing  parts  protected  by 
iron,  can  be  applied  in  places  where  there  is  a  sufficient  amount 
of  fall.  In  a  hilly  country  it  may  sometimes  be  worth  while 
sinking  a  shaft  solely  for  the  purpose  of  using  it  as  a  means 
of  dropping  ore  to  a  lower  level. 

I  a.  Conveyors. — The  term  conveyor  is  applied  to  a  number  of 
appliances  which,  while  tending  to  the  same  end,  perform  their 
work  in  very  different  ways.  One  form  is  the  trough  conveyor, 
in  which  the  mineral  is  scraped  along  by  a  series  of  discs  at- 
tached to  an  endless  rope  or  chain.  Mineral  is  often  conveyed 
by  endless  belts.  One  of  the  best  forms,  the  Robins  conveyor, 
has  met  with  a  large  amount  of  success.  It  is  an  india-rubber 
belt  running  upon  rollers.  By  suitably  arranging  the  rollers 
the  belt  is  bent  into  the  form  of  a  trough,  becoming,  in  fact,  a 
travelling  trough.  The  lower  half  runs  upon  horizontal  rollers, 
as  the  curved  shape  is  no  longer  required.  The  Kreis  conveyor 
is  a  trough  supported  by  springs,  which  has  a  reciprocating 
motion  imparted  to  it  by  means  of  a  crank.  The  labour  required 
for  a  line  of  transport  by  belt- conveyor  is  on  an  average  not 
more  than  one-sixth  of  that  necessary  with  endless  rope  haulage. 
The  resistance  of  the  rubber  surface  to  abrasion  is  very  high ; 
indeed,  rubber  belts  wear  better  than  those  of  steel.  Motor- 
driven  rubber  belt  conveyors  are  largely  used  in  new  equipments 
in  the  gold  mines  of  the  Transvaal  for  transporting  rock  from 
the  shaft  to  the  stamps,  and  waste  to  the  dump-heap. 
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2.  Flow  Along  Pipes  are  made  use  of  on  a  very  extensive  scale 
for  the  transport  of  natural  gas,  petroleum,  and  brine. 

In  the  United  States  in  1903  there  were  in  use  24,973  miles 
— sufficient  to  girdle  the  globe — of  mains  and  distributing  pipes 
transporting  natural  gas.  The  mains  vary  in  diameter  from 
3  inches  to  30  inches,  the  largest  sizes  being  made  of  cast  iron 
and  the  others  of  wrought  iron.  There  are  more  pipes  of  8  inches 
in  diameter  than  of  any  other  size,  and  the  mains  are  made  to 
increase  in  diameter  as  they  approach  a  city,  in  order  to  reduce 
the  pressure  of  the  gas.  Many  of  the  wells  when  shut  would 
have  a  pressure  of  500  lbs.  per  square  inch,  and  even  when  the 
pressure  is  far  lower  than  this,  it  is  necessary  to  reduce  it  in 
order  to  prevent  leakage,  which  means  not  only  diminished 
profits  to  the  company,  but  also  danger  to  the  consumer.  In 
the  town  the  pressure  nowhere  exceeds  1 3  lbs.,  and  in  many  of 
the  mains  it  is  not  more  than  6  or  8  lbs.,  whilst  in  the  low 
pressure  mains  it  is  only  4  or  5  ozs.  per  square  inch. 

Another  case  of  conveyance  of  gas  by  pipes  is  seen  at  the  bore- 
holes furnishing  carbonic  acid  gas  in  Germany ;  under  its  natural 
pressure  the  gas  flows  through  wrought-iron  pipes,  either  to  the 
works  where  it  is  compressed  into  the  liquid  state,  or  to  those 
where  it  is  utilised  for  the  manufacture  of  white  lead. 

Crude  petroleum,  which  either  rises  naturally  to  the  surface 
or  is  pumped  up,  has  to  be  refined  before  it  can  be  utilised  com- 
mercially, and  it  has  been  found  convenient  in  many  districts  to 
send  the  oil  to  the  refineries  by  pipe-lines.  Pumps  are  employed 
for  forcing  the  oil  through  the  long  lines  of  pipes,  as  there  is  no 
natural  pressure  in  this  case.  Probably  now  there  are  more 
than  6000  miles  of  such  pipe-lines  in  the  United  States. 

The  pipe-line  from  the  Lima  oil  district  of  Ohio  to  Chicago  is 
210  mUes  long ;  the  pipes  are  8  inches  in  diameter,  and  each 
piece  2  2  feet  long.  The  cost  of  the  pipes  alone  was  estimated 
to  be  $7000  per  mile,  and  the  total  cost  of  the  undertaking, 
including  the  pumps  and  reservoirs,  $2,250,000. 

The  Standard  Oil  Company's  great  pipe-line  in  California, 
completed  in  1903,  is  278  miles  long,  and  delivers  10,000  barrels 
per  day.  The  pipe  is  8.  inches  in  diameter,  and  there  are  pump- 
ing stations  at  intervals  of  28  miles.  At  each  station  there  are 
two  tanks  and  a  pump  ;  when  one  tank  is  receiving  oil,  the  other 
is  supplying  it  to  the  pump  for  transmission  to  the  next  station 
further  east,  a  week  being  required  to  complete  the  journey. 
As  the  lines  of  pipes  follow  the  irregularities  of  the  surface, 
ample  pumping  power  has  to  be  provided. 

At  the  Burmese  oil-fields  there  is  a  pipe-line  made  of  lacquered 
bamboos,  for  taking  the  oil  from  the  wells  to  the  river.  Modest 
as  this  line  appears  compared  with  the  great  undertakings  just 
described,  it  is  nevertheless  an  advance  upon  the  old  plan  of 
putting  the  petroleum  into  earthen  jars  and  carting  it. 
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In  this  country  brine  is  sent  by  pipe-lines  from  the  wells  to 
convenient  places  for  evaporation  or  to  alkali  works,  where  it  is 
used  in  making  carbonate  of  soda  by  the  Solvay  process.  Lastly, 
it  has  been  suggested  that  the  solution  of  the  *'  caliche/'  or  raw 
nitrate  of  soda,  should  be  sent  down  in  pipes  to  the  coast  for 
evaporation,  instead  of  performing  this  process  in  the  arid  desert 
in  the  neighbourhood  of  the  diggings. 

The  flow  of  mineral  in  suspension  in  water  along  the  troughs 
{launders),  or  channels  made  in  the  ground,  or  pipes,  is  a  process 
w^hich  may  be  seen  on  the  dressing-floors  at  metalliferous  and 
other  mines,  as  well  as  at  china  clay  works.  At  the  Mechernich 
lead  mines  the  waste  from  the  preliminary  dressing-floors  is 
forced  by  plunger-pumps  through  a  large  pipe  to  pyramidal 
boxes,  in  which  the  water  is  separated  from  the  sand,  so  that 
it  may  be  used  over  again. 

Though  not  a  true  flow,  mention  may  here  be  made  of  the 
conveyance  of  a  mineral  for  short  distances  by  revolving  screws 
in  troughs  ("  screw  conveyors "),  which  serve  to  transport  a 
mineral  from  one  part  of  a  factory  or  dressing-floors  to  another. 

3.  Human  Labour.— In  mountainous  districts  where  the 
inhabitants  are  accustomed  to  carry  their  provisions,  their  hay 
or  other  agricultural  produce  upon  their  backs,  it  is  not  un- 
natural to  find  ore  transported  in  the  same  way  from  the  mine 
to  the  dressing- works.  Not  many  years  ago  gold  ore  was 
regularly  carried  to  the  small  amalgamating  mills  in  the  Italian 
Alps  on  women's  backs.  The  ordinary  load  for  a  woman  down 
hill  was  100  lbs.  (45  kil.).  If  the  woman  took  tools  or  materials 
up  hill,  the  load  was  naturally  less,  and  amounted  to  about  75  lbs. 
(34  kil.).  The  ore  was  carried  in  a  basket  or  creel  (srivera),  an 
appliance  to  which  every  peasant-gii'l  had  been  accustomed  from 
early  youth. 

Ore  may  be  moved  from  one  part  of  the  dressing-floors  to 
another  by  hand-barrows.  These  are  merely  rectangular  trays 
or  boxes,  with  a  pair  of  handles  in  front  and  a  pair  behind.  The 
hand-barrow  requires  two  persons  to  carry  it  (Fig.  612). 

Carriage  on  the  head  is  met  with  in  some  countries;  for 
example,  at  the  magnesite  quarries,  Salem,  India. 

4.  Conveyance  by  Sledges.— Sledges  drawn  by  men  or  horses 
still  survive  in  some  hilly  districts.  Even  in  Wales  at  the 
present  day  manganese  ore  is  sometimes  brought  down  from 
the  mine  to  the  nearest  cart-road  in  this  primitive  fashion. 
But  it  is  a  toilsome  and  unsatisfactory  method  of  transport, 
and  justifiable  only  in  the  case  of  trials,  which  have  not  yet 
proved  a  sufficient  amount  of  ore  to  warrant  the  construction 
of  a  tramway  or  a  ropeway. 

5.  It  is  by  wheeled  conveyances  that  minerals  are  most 
commonly  transferred  from  one  part  of  the  mine  to  another,  or 
from  the  mine  to  a  railway  or  port  of-  shipment.    Wheelbarrows 
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are  applicable  for  disfcances  measured  by  yards,  such  as  one  may 
have  on  dressing-floors,  and  carts  are  sometimes  the  only  avail- 
able means  of  transport  for  one  or  two  hundred  miles ;  but  the 
traffic  should  be  conducted  in  some  cheaper  fashion^  by  railways, 
for  instance,  as  soon  as  possible. 

It  is  not  necessary  to  go  over  all  the  old  ground  with  regard 
to  rails,  sleepers,  points,  and  crossings ;  suffice  it  to  say,  that 
though  the  surface  railway  resembles  the  underground  one,  it  is 
generally  better  kept ;  first,  because  its  defects  are  more  palpable 
to  every  one  by  daylight  than  when  seen  by  the  glimmer  of  a 
candle ;  and  secondly,  because  there  are  fewer  difficulties  in 
laying  it  properly  and  keeping  it  in  order. 

At  the  surface  as  well  as  underground  we  have  self-acting 
inclines,  and  traction  by  locomotives  and  ropes. 

Self-acting  inclines  stand  the  miner  in  good  stead  in  hilly 
countries.  There  are  either  two  entirely  separate  roads,  one 
for  the  full  waggon  going  down  and  the  other  for  the  empty 
which  is  being  brought  up,  or  there  are  three  rails  with  a  pass- 
by  in  the  middle,  or  even  a  single  road,  except  at  the  pass-by. 
The  incline  is  worked  by  a  drum  at  the  top,  placed  most 
commonly  on  a  horizontal  axis,  and  of  course  provided  with 
a  brake. 

As  examples  of  large  inclines,  reference  may  be  made  to  those 
erected  by  the  "  Soci6t6  Franco-beige  des  Mines  de  Somorrostro," 
for  bringing  down  iron  ore  to  their  railway,  which  then  conveys 
it  to  the  port  of  Bilbao  in  the  north  of  Spain.  The  lower  of  the 
two  planes  is  737  yards  (674  m.)  long,  with  an  average  inclina- 
tion of  30°,  the  maximum  inclination  being  36°  near  the  top. 
It  is  worked  by  steel  wire-ropes  i^  inch  (38  mm.)  in  diameter, 
which  are  coiled  around  two  conical  drums,  united  by  their 
bases,  and  having  a  mean  diameter  of  16^  feet  (5  m.).  In  order 
to  regulate  the  descent  of  the  trains,  the  drums  are  connected 
by  gearing  with  an  air-brake,  identical  in  principle  with  the 
fly  of  a  clock  (Fig.  421).  It  is  composed  of  four  straight  vanes 
made  of  wood  and  iron,  about  6^  feet  (2  m.)  wide,  and  16^  feet 
(5  m.)  in  diameter  outside.  Twelve  waggons  coming  from  the 
mine  are  coupled  together  so  as  to  form  a  train,  and  when  it 
starts  down  the  incline,  the  air-brake  begins  to  revolve  and 
soon  develops  a  considerable  amount  of  resistance  as  the  speed 
increases ;  the  consequence  is  that  the  train  descends  with  an 
almost  uniform  velocity.  The  strap-brake  on  the  drum  simply 
serves  to  moderate  the  speed  if  necessary,  and  to  stop  the  train ; 
but  in  no  case  is  much  power  required  to  work  it.  The  train 
makes  a  journey  in  three  minutes,  and  it  takes  three  minutes  to 
make  up  and  couple  on  a  train;  therefore  there  is  one  train 
every  six  minutes,  and  as  each  waggon  contains  two  tons,  the 
quantity  delivered  by  each  train  is  24  tons,  or  with  ten  trains 
an  hour  the  quantity  per  day  of  ten  hours  will  be  2400  tons.    By 
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increasing  the  number  of  waggons  in  each  tirain,  the  day's  work 
may  be  run  up  to  2600  tons.  The  fan-regulator  has  the  advan- 
tage of  saving  the  wear  of  the  ordinary  strap-brakes  and  of 
rendering  the  speed  uniform.  If  nothing  but  a  strap-brake  was 
used,  there  would  be  a  very  great  amount  of  friction,  which 
might  cause  the  wooden  shoes  to  take  fire  ;  in  any  case  it  would 
throw  a  great  strain  upon  the  machinery,  and  involve  the  risk 
of  a  serious  accident  if  it  happened  to  break.  The  fan-regulators 
avoid  all  these  difficulties ;  but  they  must  be  made  very  strong, 
as  they  have  to  counteract  a  considerable  amount  of  vis  viva — 
at  the  particular  incline  mentioned  no  less  than  428  horse-power. 
This  fan-regulator  has  been  found  e;xtremely  serviceable  at 
Somorrostro,  though  little  known  elsewhere. 

Locomotives  burning  coal  can  be  used  without  inconvenience, 
and  effect  a  great  saving  in  most  places  when  compared  with 
horse  traffic.  At  the  Festiniog  slate  mines,  small  locomotives 
running  on  a  track  with  a  23^-inch  gauge  are  employed  for 
drawing  trains  of  rubbish  to  the  tips  ;  the  total  weight  of  a 
train  may  be  as  much  as  80  tons.  As  the  men  who  are  remov- 
ing rubbish  from  the  underground  or  surface  workings  are  paid 
by  the  ton,  the  loads  have  to  be  weighed.  When  the  trains  are 
drawn  by  a  horse,  it  is  necessary  to  stop  each  time  a  waggon  is 
brought  on  to  the  weigh-bridge ;  but  when  the  locomotive  is 
used,  the  train  runs  so  smoothly  that  the  waggons  can  be 
weighed  during  their  passage,  without  any  halts  being  made. 
As  this  saves  time  it  is  noticed  here.  A  traction  engine  fitted 
with  winding  drums  is  sometimes  used  at  a  small  quarry,  first 
as  a  hauling  engine  to  haul  the  stone  from  the  underground 
workings,  then  as  a  travelling  crane  to  shift  the  stone  about 
the  yard,  load  it,  (fee,  and  lastly,  as  a  road-locomotive  to  convey 
the  dimensioned  product  to  a  railway  siding. 

Electric  locomotives  are  also  used  at  the  surface.  At  the 
Hollertszug  iron  ore  mine,  Herdorf ,  Germany,  the  surface  loco- 
motive is  furnished  with  a  25  horse-power  motor,  and  hauls  6 
loaded  waggons  for  a  distance  of  725  metres  in  4^  minutes  with 
a  consumption  of  current  of  3*7  kilowatts.  At  the  Van  Ryn 
gold  mines  estate,  Transvaal,  the  surface  locomotive  has  a  gauge 
of  610  mm.  The  two  motors  together  are  of  34  horse-power, 
the  tension  is  500  volts,  and  the  velocity  12  kilometres  per 
hour. 

The  endless  rope  and  the  endless  chain  conveying  single 
waggons  at  stated  intervals  are  in  favour,  either  for  trans- 
porting the  mineral  to  any  spot,  or  for  taking  the  waste  to 
the  tip. 

The  former  system  is  usual  at  the  South  African  gold  and 
diamond  mines.  An  example  may  be  seen  at  the  De  Beers 
diamond  mine,  where  the  gem-bearing  rock  has  to  be  exposed 
to  the  action  of  the  atmosphere  for  some  months  in  order  to 
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make  it  crumble  away  and  become  ready  for  the  process  of  wash- 
ing. Large  areas  have  to  be  covered  with  the  '*  blue/'  and  cheap 
haulage  is  a  matter  of  importance.  The  depositing  floors  com- 
mence at  a  point  a  mile  from  the  mine,  and  extend  for  3§  miles 
to  the  east  and  one  mile  to  the  north.  The  main  line  runs  along 
the  south  side,  and  has  branches  at  right  angles  every  200  yards. 
The  rope  is  |  inch  in  diameter  and,  as  is  very  commonly  the  case 
elsewhere,  it  has  an  iron  instead  of  a  hempen  core,  in  order  to 
prevent  a  reduction  of  section  when  it  is  subject  to  continued 
tension.  It  is  carried  on  the  steel  trucks,  which  can  be  tipped 
on  either  side,  as  the  body  is  supported  on  two  trunnions 
(H,  Fig.  439).  The  device  for  attaching  the  rope  to  the  waggon 
is  very  simple ;  the  rope  lies  in  a  fork  or  "  jockey,'*  which  is 
slightly  out  of  the  direct  line  of  traction.  The  jockey  is  free 
to  turn  in  a  socket  on  the  truck,  and  the  slight  bend  given  to 
the  rope  is  sufficient  to  afford  the  necessary  grip,  even  in  going 
up  an  incline  of  i  in  20.  If  the  *'  blue  "  has  to  be  deposited  at 
a  point  nearer  the  mine  than  the  terminus,  the  part  of  the  rope 
beyond  the  place  where  the  waggons  are  taken  off  is  supported 
by  pulleys.  Horses  draw  the  trucks  to  the  places  where  they 
are  tipped  or  loaded  along  portable  lines  laid  between  the 
endless  rope  branches. 

The  endless  chain  has  been  chosen  for  bringing  down  the  ore 
from  some  of  the  mines  near  Bilbao,  in  a  part  where  self-acting 
inclines  cannot  be  used  because  there  is  not  a  descent  all  the 
way.  A  second  reason  for  adopting  this  system  was  the  fact 
that  it  admits  of  considerable  changes  in  the  amount  of  traffic, 
by  altering  the  speed  of  the  chain  and  the  distance  between  two 
successive  trucks.  It  further  allows  branch  lines  to  be  taken 
off  from  the  main  one.  At  Somorrostro  there  are  in  all  very 
nearly  two  miles  (3000  m.)  of  endless  chain  haulage. 

The  greatest  difference  of  level  between  the  highest  point  at 
the  Sol  mine  and  the  terminus  at  the  station  of  Cadegal  is  802 
feet  (244 '60  m.),  and  on  one  part  of  the  line  the  gradient  is  as 
high  as  29*5  per  100,  or  i  in  3*4.  The  fall  is  so  great  that  the 
chain  requires  no  power  but  gravity  to  work  it ;  in  fact,  it  is 
necessary  to  use  brakes  to  oppose  the  vis  viva.  Strap-brakes  are 
employed  in  the  same  manner  as  they  are  on  the  inclines  just 
described,  solely  for  the  purpose  of  stopping  the  chain.  The 
danger  of  depending  entirely  upon  such  brakes  for  working 
inclines  has  already  been  pointed  out,  and  a  uniform  speed  is 
maintained  by  affixing  fan-regulators  working  in  water.  They 
are  chosen  in  this  case  in  preference  to  the  fans  working  in  air, 
because  the  latter  must  revolve  at  a  great  velocity  in  order  to 
be  efficient,  and  therefore  could  not  be  applied  to  the  slow  chain 
haulage  without  gearing,  which  would  introduce  complications. 
These  hydraulic  governors  are  like  the  air-regulators  in  prin- 
ciple, except  that  the  blades  are  immersed  in  water ;  the  speed 
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of  the  chain  can  be  adjusted  with  the  greatest  nicety  by  altering 
the  quantity  of  water  in  the  tank  in  which  the  blades  work,  and 
so  introducing  the  amount  of  resistance  required. 

The  usual  speed  at  which  the  chain  is  run  is  5  feet  (1*5  m.) 
per  second,  but  it  can  be  raised  to  6  feet  6  inches.  The  chain 
is  made  of  |-inch  (22  mm.)  iron,  which  corresponds  with  about 
19^  lbs.  per  yard  (9*826  kil.  per  metre).  The  last  section,  how- 
ever, has  harder  work,  and  the  chain  is  of  i-inch  iron  (26  mm.) 
and  weighs  28  lbs.  per  yard  (14  kil.  per  metre).  Each  waggon 
holds  17^  cwt.  (900  kil.)  of  ore,  and  when  the  waggons  are 
arranged  27  yards  (25*2  m.)  apart,  the  chain  haulage  is  ciaipable 
of  transporting  2500  to  2600  tons  of  ore  a  day,  in  addition  to 
a  certain  amount  of  rubbish  which  is  tipped  before  arriving  at 
the  port 

6.  Conveyance  of  Mineral  by  Boats  from  one  part  of  a  mine 
to  another  is  exceptional ;  but  transport  by  canal  or  sea  to  the 
consumer  is  common,  and  is  chosen  whenever  available  on 
account  of  its  comparative  cheapness.  It  is  of  the  utmost  im- 
portance when  dealing  with  large  quantities  of  mineral  to  have 
cheap  and  rapid  methods  of  shipping  it  At  Huelva,  the  ship- 
ping port  of  the  Rio  Tinto  mines,  the  trains  of  ore  are  drawn 
on  to  a  part  of  the  pier  which  has  just  enough  inclination  to 
make  a  truck  run  down  of  itself.  A  workman  then  uncouples 
•a  truck  and  allows  it  to  run  opposite  a  shoot,  which  leads  to 
the  hold  of  the  vessel  lying  alongside  the  pier.  The  truck  is 
emptied  by  opening  the  bottom  and  letting  the  contents  drop 
into  the  mouth  of  the  shoot  The  bottom  is  then  closed  and 
the  truck  is  allowed  to  run  on  a  little  further,  when  it  is 
shunted  back  on  to  a  side  line,  and  made  to  join  the  train  of 
empties  ready  to  be  drawn  back  to  the  mine.  After  the  loco- 
motive has  once  hauled  a  train  on  to  the  proper  part  of  the 
pier,  the  discharge  of  its  contents  into  the  ship  proceeds  very 
rapidly,  and  requires  the  attendance  of  only  one  man. 

The  arrangements  are  so  perfect  that  500  tons  can  easily  be 
loaded  in  an  hour,  but  naturally  a  good  deal  of  time  is  lost  in 
shifting  the  steamers  and  berthing  them.  The  greatest  amount 
of  work  in  loading  at  Huelva  pier  has  been  a  little  over  3000 
tons  in  a  single  day.  A  steamer  has  been  known  to  come  into 
Huelva  harbour  by  one  tide,  and  leave  by  the  next  with  a  cargo 
of  1500  tons  of  ore. 

Iron  ore  is  loaded  at  Bilbao  in  a  similar  manner.  From  each 
staith  1000  to  2000  tons  can  be  shipped  in  a  day ;  indeed  a  ship 
of  1490  tons  has  been  loaded  in  six  hours. 

At  Lulea  in  the  north  of  Sweden  iron  ore  from  the  Gellivai*e 
mines  brought  down  in  winter  is  stored  and  reloaded  for  ship- 
ment. The  loaded  waggons  are  raised  by  a  hydraulic  lift 
carrying  a  lattice-hung  platform  with  overhanging  ends,  carry- 
ing three  waggons,  which  are  brought  successively  opposite  the 
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loading  shoots.     For  larger  vessels  another  loading  stage  has 

been  built     It  is  a  high  timber 

trestle  carrying  a  railway  rising 

I  in  50  up  which  the  waggons 

are  drawn   by  locomotives  and 

discharged   by  counterbalanced 

shoots  leading  dii*ectly  into  the 

steamer's  hold.     A  million  tons 

of  ore  are  shipped  annually. 

Nowhere  has  the  matter  of 
handling  ore  been  more  care- 
fully studied  than  in  the  United 
States,  and  an  instructive  ex- 
ample is  afforded  by  the  trans- 
port of  some  2  7  million  tons  of 
iron  ore  annually  from  the  Lake 
Superior  mines  to  the  Pitts- 
burg blast-furnaces.  The  ore  is 
brought  from  the  mines  by  train 
to  Two  Harbours,  Escanaba, 
Duluth,  or  other  upper  Lake 
ports,  1 5  to  90  miles,  and  thence 
shipped  to  Ashtabula,  Cleve- 
land, Conneaut,  or  other  lower 
Lake  receiving  ports,  where  it 
is  loaded  directly  into  railway 
waggons  for  transportation  to 
the  furnaces.  At  the  shipping 
port  an  ore-steamer  is  brought 
alongside  the  pier,  and  a  shoot 
is  lowered  into  each  alternate 
hatchway,  and  the  ore  run 
down,  the  vessels  being  loaded 
at  the  rate  of  1600  tons  per 
hour.  The  largest  cargo  carried 
on  the  Great  Lakes  was  10,300 
tons  by  the  Augustus  B,  Wolvin 
in  1 904.  At  the  receiving  ports, 
Brown  conveyors  (Fig.  422)  are 
largely  used  for  the  purpose  of 
discharging  cargoes.  This  con- 
veyor is  a  long  light  bridge, 
one  end  of  which  is  brought 
directly  over  one  of  the  hatch- 
ways of  the  ship,  a  large  bucket 
{slcip)  holding  1 5  cwt.  is  lowered 
into  the  hold,  filled  by  shovellers,  and  then  drawn  up  and  run 
along  the  bridge  to  be  tipped  either  into  railway  waggons  or  on 
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to  a  stock-pile.  The  lowering  and  raising  of  the  skip  and  its 
run  along  the  bridge  are  controlled  electrically  by  one  man  in 
a  cabin.  As  each  hatchway  has  its  own  conveyor,  the  work  of 
discharging  is  rapid,  a  cargo  of  9945  tons  having  been  cleared 
completely  in  4^  hours.  At  Conneaut  there  are  four  lo-ton 
Hulett  steam  hydraulic  machines,  the  characteristic  feature  of 
which  is  a  great  beam,  having  a  solid  plunger  at  one  end,  ter- 
minating in  a  grab. 

A  complete  ore-handling  system  has  been  designed  by  Hoover 
and  Mason  for  the  Illinois  Steel  Company.  At  the  dock  there 
are  15  ore-unloading  machines,  of  vertical  swing  crane  form,  each 
with  a  grab  holding  6  tons.  The  ore  from  the  hold,  raised  by 
the  grab,  is  discharged  into  a  bin,  whence  it  is  again  raised  by 
the  bucket  of  an  overhead  traveller,  which  delivers  it  to  the 
stock-pile.  The  entire  plant  is  worked  electrically.  With  a 
plant  constructed  by  the  C.  W.  Hunt  Company  at  Boston  coal 
has  been  raised  90  feet  from  one  hatch  of  a  vessel,  and  delivered 
at  the  rate  of  320  tons  an  hour. 

7.  Aerial  Ropeways. — ^These  ropeways  may  be  divided  into 
five  classes : — 

a.  Single  sapporting  rope,  with  or  without  a  hauling  rope. 

b.  Endless  rope,  which  is  the  supporting  rope  and  hauling  rope  at 

the  same  time, 
e.  Two  supporting  ropes  and  an  endless  rope  for  hauling  the  load. 

d.  Double  endless  travelling  rope  or  chain. 

e.  Telpherage  line. 

o.  Lines  erected  on  the  first  of  these  principles  may  be  seen 
in  hilly  countries.  An  iron  or  steel  wire  rope  is  stretched  across 
a  valley,  and  forms  the  rail  supporting  the  load,  which  is  put 
into  a  sack  and  hung  on  by  a  grooved  pulley.  If  the  heights 
of  the  departure  and  receiving  stations  are  properly  arranged, 
the  load  on  going  down  the  slope  acquires  enough  momentum 
to  bring  it  up  to  the  station  on  the  other  side,  without  rushing 
in  too  violently.  The  objection  to  this  system  is  that  the  sacks 
and  the  pulleys  have  to  be  carried  back  by  men  or  women,  but  it 
has  the  merit  of  simplicity  and  cheapness.  By  the  addition  of  a 
small  hauling  rope  on  a  drum,  the  method  is  available  for  steep 
mountain  sides ;  the  load  is  lowered  with  use  of  the  brake, 
and  the  drum  is  worked  to  draw  up  the  empties  along  the 
supporting  rope. 

L  In  this  system  there  is  an  endless  rope,  supported  by 
pulleys  on  strong  wooden  or  iron  posts  placed  at  suitable  in- 
tervals, which  is  set  in  motion  by  any  available  source  of  power. 
Suspended  from  the  rope  are  the  buckets  or  other  vessels  in 
which  the  mineral  is  carried.  The  buckets  may  be  detachable 
at  pleasure  or  they  may  be  fixed.  The  former  plan  is  the  one 
brought  out  by  Hodgson  in  1869.  The  bucket  or  other  re- 
ceptacle is  suspended  by  an  iron  hanger  from  a  grooved  block 
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of  wood  which  rests  upoo  the  rope.  The  carrying  block  has  a 
spindle  with  a  small  grooved  pulley,  which  can  be  made  to  run 
upon  a  rail  at  each  terminui)  and  so  let  the  rope  move  on  with- 
out the  load.  The  bucket  is  filled  from  a  shoot  or  hopper  while 
hanging  on  the  rail  at  the  loading  terminus.  A  workman  then 
pushes  it  along  the  rail  until  the  currying  block  is  taken  up  by 
the  rope,  which  is  always  in  motion  ;  the  load  now  travels  along 
suspended  from  the  rope,  the  carriers  being  constructed  so  as 
to  pass  over  the  pulleys.  On  reaching  the  unloading  terminus, 
the  carrying  block  is  again  shunted  on  to  a  rail,  and  the  bucket 
is  tipped  by  lifting  up  the  catch  which  had  kept  it  from  turning 
about  pivots  ;  after  having  been  put  into  position,  it  is  brought 
round  to  the  point  where  the  rope,  after  passing  round  a  terminal 
pulley,  is  about  to  begin  its  journey  back  to  the  loading  station. 
Here  it  is  shunted  on  to  the  rope  and  travels  along  with  it. 

One  great  disiulvantage  of  this  system,  in  the  case  of  steep 
inclines,  is  that  the  carriers  may  slip  upon  the  rope,  and  that 
the  loads  either  fall  off  or  do  damage  in  some  other  way.  To 
overcome  this  difficulty,  some  of  the  constructors  of  aerial  rope- 
ways attach  the  loads  to  a  clip  which  is  tightly  fixed  to  the 
rope.  The  clip  must  be  of  such  a 
nature  that  it  will  pass  the  supporting  Fig.  413. 

sheaves  or  pulleys.  When  the  in- 
clination is  sufficient,  an  aerial  line 
of  this  description  will  work  automati- 
cally, the  weight  of  the  full  loads  being 
enough  to  draw  up  the  empties. 

e.  The  third  system  has  two  fixed 
ropes,  which  serve  as  aerial  rails  and 
act  solely  as  supports,  and  an  endless 
travelling  rope,  to  which  the  loads  are 
made  fast  at  pleasure.  It  resembles, 
therefore,  the  endless  rope  liaulage,  of 
which  mention  has  been  made  for 
underground  work,  save  that  the  rails 
are  above  the  load  instead  of  being 
below  it. 

Ropeways  working  upon  this  plan 
have  been  perfected  of  late  years  by 
Pohlig,   by  Otto,  and  by  Bleichert  in 

Germany,  where  they  are  commoner  than  in  Great  Britain. 
They  are  constructed  for  distances  of  from  2  to  8  or  even  10 
miles,  with  a  carrying  capacity  of  600  to  Soo  tons  per  day 
of  10  hours.  The  separate  loads  may  vary  from  ^  cwt.  to 
I  ton  each. 

The  points  to  be  considered  are : — 
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The  kind  of  cable  used  on  the  most  recent  lines  erected  on 
the  Otto  system  is  that  known  as  *  Mocked  coil  wire  rope,"  the 
construction  of  which  is  explained  in  the  next  chapter  (Fig.  449). 
It  has  the  advantage  of  presenting  a  perfectly  smooth  surface, 
admirably  adapted  for  the  running  of  the  grooved  pulleys  by 
which  the  load  is  suspended.  The  vessel  in  which  the  mineral 
is  conveyed  may  be  any  convenient  form  of  bucket  or  box, 
supported  by  pivots  around  which  it  can  be  easily  tipped,  or 


Fio.  424. 


Fio.  425. 


the  actual  mine  waggons  may  be  slung  up  and  the  ore  carried 
in  them. 

Each  box,  bucket,  or  waggon  is  attached  to  a  hanger  suspended 
from  a  spindle  placed  midway  between  two  grooved  pulleys  or 
wheels,  which  rest  on  the  rope  (Fig.  423). 

The  posts  or  standards  are  constructed  of*  wood  or  iron,  some- 
times with  two,  and  sometimes  with  four  legs,  suitably  stiffened 
by  braces  and  held  in  position  by  guy  ropes  or  rods  (Figs.  424 
and  425).  The  four-legged  standards  are  used  for  heavy  loads 
or  long  spans.  The  distance  between  the  standards  varies 
according  to  the  nature   of   the  country,  and  is  often   about 
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30  to  60  yards ;  but  where  the  country  ia  much  broken  by 
ravines,  the»e  short  spans  are  uDattaioable  without  standards 
of  an  impracticable  height,  and  the  cable  is  then  made  to  stretch 
across  very  long  intervals  without  intermedia.te  supports.  Spans 
of  550  y&rda  (500  m.)  are  not  unknown. 

The  bauliag  rope  must  be  very  flexible,  and  is  made  of  fine 
steel  wire  with  a  hempen  core.  The  mode  of  attachment  of 
the  load  varies  with  the  gradient  of  the  Hue.  If  the  gradient 
is  less  than  i  in  6,  the  amount  of  friction  necessary  for  gripping 
the  rope  tightly  can  be  obtained  by  bringing  it  between  two 

Fia.  416. 


flat  iron  discs  and  clamping  them  together  with  a  screw.  One 
of  these  ditjcs  is  rigidly  attached  to  the  hanger,  and  the  tighten- 
ing screw  of  the  other  can  be  loosened  automatically  by  providing 
it  with  a  projecting  lever,  which  comes  in  contact  with  a  stop  at 
the  terminus. 

If  the  gradient  is  between  i  in  6  and  1  in  3,  the  discs  are 
made  with  corrugated  instead  of  smooth  surfaces.  When  tbe 
gradient  exceeds  i  in  3,  another  device  has  to  be  employed  ; 
projecting  knobs  are  inserted  into  the  rope  at  regular  intervals, 
and  on  meeting  with  properly  arranged  stops  upon  tbe  loads 
they  cause  them  to  travel  along.  Figs.  426,  427,  and  438  show 
tbe  details  of  the  arrangement. 

Each  terminus  is  provided  with  an  iron  rail  which  is  fixed 
so  as  to  meet  the  rope  where  tbe  buckets  have  to  be  loaded 
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or   unloaded ;   by  nuitably  arranging   the  end  of  the  rail,  tlie 
load  passes  quite  smoothly  fiom  it  to  the  rope  and  vice  versd. 

The  Garrucha  line  erected  in  Southern  Spain  for  carrying  iron 
ore  is  969  miles  (156  kil.)  long,  divided  into  four  independent 
sections.  The  greatest  span  is  918  feet  (380  m.),  but  on 
an  average  the   supporting  posts  are  only  44  yards  (40  m.) 


apart.  The  hauling  rope  is  made  to  travel  at  the  rate  of 
100  yards  (90  m.)  a  minute,  and  deliver  two  buckets,  each 
containing  7  cwt.  (350  kil.),  in  that  time.  This  means  a 
carrying  capacity  of  laoo  buckets,  or  410  tons  per  day  of 
10  hours.  The  line  has  also  been  worked  with  two  sbiftn 
of  8  hours  each,  and  has  transported  800  tons  in  that  time. 
The  total  cost  of  tliis  line,  which  was  surveyed,  erected  in  &  very 
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difficult  country,  and  ready  to  start  in  ten  months,  was  ^26,000  ; 
and  it  has  been  worked  at  a  cost  of  is.  3d.  per  ton,  which  in- 
cludes all  that  is  spent  for  labour,  maintenance,  and  repairs. 

At  the  Menzel  colliery  in  Upper  Silesia,  500  to  700  tons  of 
coal  are  carried  in  ten  hours  a  distance  of  1*6  miles  for  i^.  per 
ton  per  mile,  including  wages,  repairs,  interest  on  capital,  and 
depreciation  of  plant.  Fig.  429  shows  part  of  the  line  at 
Gottessegen  colliery.  Upper  Silesia. 

At  the  Lake  View  gold  mine  in  Western  Australia,  an  Otto 
ropeway  is  employed  to  transport  ore  from  the  shaft  to  the  top 
of  the  50-head  stamp  mill,  some  distance  off  on  the  hillside. 
At  the  ropeway  for  the  transport  of  gold  quartz  at  the  Progress 
mines  in  New  Zealand,  the  supports  are  made  of  timber  cut  in 
the  adjacent  forest.  This  line,  which  is  7000  feet  long,  has  at 
its  lower  end  a  span  of  1900  feet.  Where  timber  is  scarce, 
or  where  damage  is  likely  to  be  done  by  the  white  ant,  iron 
supports  should  be  used.  Where  large  quantities  of  ore  have 
to  be  transported,  the  loading  and  unloading  stations  should 
be  designed  to  reduce,  as  far  as  possible,  unnecessary 
handling  of  the  material.  A  good  example  of  an  unloading 
station  with  bins  of  large  capacity  arranged  alongside  the 
railway  for  automatically  loading  the  waggon  with  ore  is  that 
erected  at  the  Mount  Lyell  mine  in  Tasmania.  The  longest 
wire  ropeway  in  America  is  that  at  Grand  Encampment, 
Wyoming,  which  is  1 6  miles  long,  and  crosses  the  watershed  at 
an  altitude  of  10,690  feet.  The  highest  support  is  69  feet  high, 
and  there  are  three  wide  spans,  ranging  from  1800  to  2300  feet 
in  length.  In  1904  an  Otto  ropeway  was  started  from  the 
Aumetz  iron  mines  to  the  Kneuttingen  blast-furnaces,  Lorraine, 
a  length  of  6*67  miles  with  a  fall  of  475  feet  The  amount  of 
ore  transported  is  500,000  tons  annually,  or  about  1700  tons 
per  day  in  two  lo-hour  shifts.  The  ore  buckets  hold  1430  lbs. 
of  iron  ore,  and  the  rope  is  driven  at  a  speed  of  8*2  feet  per 
second.  The  total  costs  of  transports  by  ropeway  are  3d.  per 
ton,  while  tha  former  railway  charge  was  is.  2|d.  per  ton. 

d  and  e.  Ropeways  worked  by  the  systems  of  double  endless 
ti*avelling  rope  are  rare.     Electric  telpherage  is  also  little  used. 
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CHAPTER  VIII. 

HOISTING. 

Method  of  Bringing  Mineral  to  Surface. — By  hoisting  is 
meant  raising  the  minerals  from  the  underground  workings  to  the 
surface.  In  speaking  of  the  subject  generally,  it  is  more  correct 
to  say  hoisting  than  winding,  because  this  latter  term  implies 
the  use  of  the  rope,  which  is  not  quite  universal.  As  already 
explained  in  the  last  chapter,  there  is  no  clear  line  of  demarca- 
tion between  haulage  and  winding.  In  the  typical  case  of  a 
vertical  shaft  and  a  nearly  horizontal  level,  it  is  easy  to  make 
the  distinction;  but  when  the  mineral  is  drawn  up  through 
inclines,  the  name  given  to  the  process  depends  upon  local 
custom.  Thus,  part  of  a  shaft  at  a  Cornish  tin  mine  is  in- 
clined at  an  angle  of  only  15^°  from  the  horizontal,  and  never- 
theless the  work  of  drawing  up  the  ore  is  always  called  winding. 

In  a  few  districts  carriage  on  the  back  still  survives;  in 
Sicily,  for  instance,  much  of  the  sulphur  rock  is  brought  to  the 
surface  by  boys  on  their  backs  up  rough  paths,  or  steps  cut  in 
the  ground.  Kot  many  years  ago  slate  was  being  brought  up 
on  the  back  in  the  Moselle  district  In  Mexico  and  in  China, 
too,  the  same  method  is  pursued  in  some  silver  and  other  mines, 
as  well  as  in  the  mica  mines  of  India.  However,  this  barbarous 
mode  of  raising  mineral  is  simply  mentioned  for  the  purpose  of 
condemning  it. 

The  regular  method  of  bringing  a  mineral  to  the  surface  is  to 
draw  it  up  a  shaft  or  an  incline  by  means  of  a  rope.  The  sub- 
ject is  such  a  wide  one  that  it  must  be  treated  under  different 
headings  as  follows :  (i)  Motors,  drums,  and  pulley-frames ;  (2) 
Rope,  or  chain ;  attachments  of  the  rope ;  (3)  Receptacle  for  the 
mineral  or  waste  rock ;  (4)  Other  indispensable  appliances, 
guides,  signals,  keps ;  (5)  Safety  appliances. 

I.  MOTORS,  DRUMS,  AND  PULLEY-FRAMES.— Motors : 
As  in  other  departments  of  mining,  the  motor  employed  may  be 
worked  by  animal  power,  wind,  water,  steam,  gas,  or  petroleum, 
and  the  power  generated  may  be  transmitted  by  mechanical 
appliances,  compressed  air,  water,  or  electricity. 

(a)  Animal  Power, — ^The  simplest  contrivance  for  winding  is 
a  pulley  supported  by  some  suitable  frame  above  the  shaft;  a 
bucket  is  attached  to  the  end  of  a  rope  hanging  down  the  shaft, 
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whilst  the  other  end,  passing  over  the  pulley,  is  drawn  by  men 
or  women  :  they  simply  walk  away  from  the  shaft  and  haul  up 
the  bucket.  Oil  wells  are  sunk  in  Burmah  by  this  primitive 
method  of  hoisting. 

The  usual  method  of  applying  human  power  is  by  a  windlass. 
This  well-known  appliance  consists  of  a  wooden  cylinder,  about 
eight  inches  in  diameter,  provided  with  two  iron  handles  and 
supported  by  two  upright  posts  which  are  suitably  stayed.  A 
sliding  bar,  which  can  be  drawn  out  either  above  or  below  the 
cylinder,  serves  to  hold  one  of  the  handles,  when  required. 

In  this  country,  the  ordinary  windlass  is  used  for  shallow 
sinkings  of  twenty,  thirty,  or  forty  yards  in  depth,  such  as  are 
made  in  commencing  work  at  a  mine,  or  in  effecting  a  com- 
munication between  two  levels ;  but  in  countries  where  mining 
is  less  advanced,  and  where  labour  is  cheaper,  the  windlass  may 
form  the  sole  means  for  hoisting  from  depths  of  a  hundred  and 
even  two  hundred  yards.  Thus,  for  instance,  at  Boryslaw,  in 
Galicia,  it  is  reckoned  that  six  or  seven  thousand  shafts  have 
been  sunk  during  the  last  thirty  years,  for  the  purpose  of  work- 
ing ozokerite,  to  an  average  depth  of  one  hundred  yards,  by 
human  laboiu* ;  four,  five,  and  even  six  men  and  women  may  be 
seen  working  the  Boryslaw  windlass.  In  the  neighbouring 
country  of  Roumania,  oil  wells  are  sunk  in  like  manner.  The 
windlass  is  used  either  with  one  or  two  buckets ;  in  the  latter 
case  the  labour  is  lightened,  for  the  weight  of  the  empty  bucket 
going  down  balances  the  dead  weight  of  the  bucket  coming  up 
with  a  load  of  rock. 

As  a  rule  too  little  attention  is  paid  to  the  state  of  the  axles 
and  bearings.  Windlasses,  like  other  machines,  cannot  be  worked 
with  economy  unless  means  are  taken  to  prevent  unnecessary 
friction,  which  is  sure  to  arise  unless  the  axles  and  bearings 
are  kept  perfectly  true ;  this  fact  should  be  specially  borne  in 
mind  when  the  mine-owner  is  employing  expensive  human 
power. 

The  capstan  is  an  unusual  form  of  winding  machine  at  mines ; 
it  differs  from  the  windlass  by  having  its  cylinder  vertical.  As 
an  instance  of  its  use,  mention  may  be  made  of  the  underground 
quarries  at  Swanage  in  Dorsetshire,  where  blocks  of  stone  are 
drawn  up  inclines  by  means  of  capstans  turned  with  bars,  after 
the  manner  of  those  used  on  board  ship. 

When  a  horse  is  employed  in  the  place  of  men,  the  bucket, 
attached  to  a  rope  passing  over  a  pulley,  is  sometimes  drawn  up 
by  making  the  animal  walk  away  from  the  shaft.  The  framework 
and  pully  constitute  what  is  called  a  whipsiderry. 

Animal  power  is  usually  applied  by  means  of  a  machine  called 
a  horse-whim.  It  may  be  looked  upon  as  a  gigantic  capstan, 
worked  by  horses,  mules,  or  donkeys.  It  consists  of  an  upright 
axle,  usually  of  timber,  supported  at  the  bottom  by  an  iron  pin 


HOISTING.  413 

or  pivoty  which  works  in  a  hole  in  a  large  stone,  forming  a 
primitive  foot-block.  A  horizontal  beam,  known  as  the  driving 
beam,  is  attached  to  the  axle,  and  above  it  comes  a  hollow 
wooden  cylinder  or  drum,  around  which  the  rope  is  coiled, 
proper  projecting  horns  or  flanges  being  provided  to  prevent  it 
from  slipping  off. 

The  other  end  of  the  axle  works  in  an  iron  socket,  carried  by 
a  great  horizontal  beam,  known  as  the  span-beam,  which  is  sup- 
ported by  two  legs.  In  Great  Britain  the  horse- whim  is  not 
roofed  over,  and  it  forms  a  prominent  feature  in  many  mining 
districts ;  where  the  weather  is  more  severe,  a  house  becomes 
necessary.  The  winding  rope  is  coiled  several  times  round  the 
drum,  and  both  ends,  after  passing  over  pulleys,  hang  down  the 
shaft ;  when  the  horse  walks  round,  one  bucket  is  raised  and  the 
other  lowered. 

In  a  ruder  form  there  is  no  span-beam,  the  drum  sits  on  a 
frame  close  to  the  ground  and  the  driving-beam  rides  above  the 
drum.  By  using  bevel  gearing,  a  more  powerful  machine  with 
a  horizontal  drum  is  obtained.  In  countries  where  water-power 
is  lacking,  coal  dear,  and  fodder  cheap,  and  in  prospecting  opera- 
tions, the  horse-whim  still  performs  very  useful  services.  As 
many  as  six  to  eight  horses  may  be  harnessed  to  a  horse-whim 
for  the  purpose  of  working  it. 

{b)  Water. — When  the  water-wheel  is  used  for  hoisting,  it  is 
necessary  to  have  means  of  reversing  the  motion,  in  order  to  raise 
or  lower  the  rope  at  pleasure.  Two  methods  may  be  employed : 
A  double  wheel  with  the  buckets  fixed  in  opposite  directions ;  a 
single  wheel  provided  with  suitable  gearing  or  belts.  The  double 
wheel  is  frequently  seen  underground  in  Germany ;  it  has  sluices 
{hatches)  which  will  turn  the  water  on  to  either  side,  and  there  is 
a  brake  for  controlling  the  motion.  The  winding-drum  is  placed 
on  the  shaft  of  the  water-wheel,  and  according  as  the  water  is 
turned  on  to  the  right-hand  or  to  the  left-hand  side,  the  wheel 
revolves  one  way  or  the  other. 

When  gearing  is  employed,  a  bevel-wheel  upon  the  shaft  of  the 
water-wheel  drives  a  pair  of  bevel-wheels,  facing  each  other, 
which  run  loose  upon  the  shaft  of -the  drum.  By  means  of  a 
suitable  clutch  either  of  them  can  be  firmly  connected  with 
the  drum -shaft,  and  so  be  made  to  drive  it  in  the  required 
direction. 

Fig.  430  shows  the  method  adopted  at  Great  West  Van  mine 
in  Cardiganshire  by  Messrs.  Urquhardt  and  Small.  A,  Girard 
turbine ;  B,  belt  driving  the  shaft  of  two  pulleys  0  D ;  E  and  F, 
pulleys  loose  upon  the  shaft ;  G,  clutch ;  H,  handle  working 
clutch ;  I,  pinion  driving  spur-wheel  on  drum  J  J ;  K,  brake 
strap ;  L,  pin  connected,  when  required,  to  "  bob "  of  pumps. 
The  belt  from  C  to  E  is  straight,  and  that  from  D  to  F  is 
crossed ;  therefore  the  two  pulleys  E  and  F  are  always  revolv- 
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ing  in  opposite  directions.  According  as  E  or  F  is  made  fast  to 
the  shaft  by  the  clutch  G,  the  pinion  I  turns  the  drum  one  way 
or  the  other. 

(c)  Steam. — Steam-engines  employed  for  winding  have  usually 

two  cylinders,  either  vertical   or 
Fig.  430.  horizontal ;    the  latter   are    pre- 

ferred. In  some  mining  districts, 
notably  in  Cornwall,  one  still 
finds  a  single  vertical  cylinder 
working  a  beam  by  which  motion 
is  communicated  to  a  fly-wheel ; 
but  for  rapid  work  it  is  neces- 
sary to  have  more  command  of 
the  engine  than  is  furnished  by 
a  machine  of  this  kind. 

For  a  very  small  mine  or  for 
the  trial  of  a  mining  property,  a 
semi-portable  engine  or  a  simple 
engine  with  a  semi-portable  boiler 
is  often  employed. 

It  was  the  fashion  at  one 
time  to  put  a  pinion  upon  the 
crank-shaft  and  a  spur-wheel 
upon  the  drum-shaft ;  nowadays 
for  quick  winding  the  drum  is 
placed  upon  the  same  shaft  as 
the  cranks.  This  is  called  working 
on  the  first  motion,  whereas  if 
gearing  is  used  the  method  is 
said  to  be  on  the  second  motion. 
In  any  case  the  engine  must 
be  provided  with  an  adequate 
brake,  and  where  the  drum  is 
worked  by  gearing,  it  is  necessary 
to  have  a  brake  upon  the  drum- 
shaft,  because  otherwise  there 
would  be  no  means  of  arresting 
the  descent  of  the  load  in  case 
of  fracture  of  some  of  the  cogs. 
:L=S  Although  many  winding  engines 

work  without  expansion,  auto- 
matic expansion  gear  is  common,  and  some  of  the  engines  are 
arranged  so  that  the  commencement  and  end  of  the  run 
shall  be  worked  with  the  full  power  of  the  steam,  and  the 
middle  of  the  run  expansively.  Compound  engines,  and  indeed 
triple  expansion  engines,  have  been  erected  for  winding  pur- 
poses, though  the  advisability  of  employing  them  is  questioned 
l)y  some  mining  engineers  ;    while  fully  admitting  the  value 
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of  this  principle  in  the  case  of  engines  which  are  working 
constantly,  such  as  those  used  for  pumping,  they  contend  that 
it  is  not  advisahle  to  complicate  machinery  which  is  performing 
very  irregular  work,  and  being  constantly  stopped  and  started. 
Compound  engines  have,  however,  been  adopted  for  wind- 
ing at  Llanbradach  colliery,  near  Cardiff,  by  Mr.  Galloway. 
The  two  cylinders  on  each  side  are  arranged  tandem  fashion, 
the  small  high-pressure  cylinder  in  front  nearer  the  drum 
and  the  low-pressure  behind.  The  difficulty  of  starting  is 
successfully  overcome  by  means  of  a  self-acting  reducing  valve, 
placed  in  a  special  pipe,  which  connects  the  high-pressure 
steam -pipe  and  the  pipe  through  which  steam  passes  from  the 
high-pressure  to  the  low-pressure  cylinder.  Compound  engines 
have  proved  economical  at  the  Idria  quicksilver  mines  in 
Austria. 

Until  recently  compound  winding  engines  found  little  favour, 
but  under  the  altered  conditions  of  higher  steam  pressures  and 
deeper  shafts,  which  take  a  longer  time  for  each  wind,  experience 
has  certainly  proved  that  these  can  be  satisfactorily  and  econo- 
mically employed.  The  larger  proportion  of  engines  applied 
to  great  depths  since  1901  in  Germany  have  been  four- 
cylinder  (twin  tandem)  compounds,  and  the  majority  have  also 
been  connected  to  a  central  condensing  plant. 

As  an  illustration  of  a  modern  large  horizontal  twin  tandem 
compound  engine  of  German  make,  one  made  at  Oberhausen  has 
two  high-pressure  cylinders  of  2  feet  9^^  inches  in  diameter,  and 
two  low-pressure  cylinders  of  3  feet  i  if  inches  in  diameter.  The 
stroke  is  6  feet  6^  inches,  with  a  steam  pressure  of  8  atmospheres 
in  the  high-pressure  cylinder  at  starting.  The  engine  can  raise 
a  load  of  4*4  tons  at  a  speed  of  40  to  50  feet  a  second  from  a 
depth  of  820  yards.  The  two  winding  drums  are  cylindrical, 
each  27  feet  io|  inches  in  diameter  and  5  feet  8^  inches  wide, 
and  capable  of  receiving  930  yards  of  rope  2  inches  in  diameter. 

The  Rateau  steam  accumulator  has  recently  been  applied 
with  success.  The  irregular  flow  of  steam  from  the  main  engines 
is  equalised,  and  a  large  proportion  of  the  power  recovered  by 
means  of  a  low-pressure  steam  turbine. 

In  the  Lake  Superior  copper  mines  much  importance  is 
attached  to  speed  in  winding.  At  No.  5  shaft  of  the  Tamarack 
mine  with  a  6500  horse-power  four-cylinder  engine  with  a  double 
conical  drum  16  and  24  feet  in  diameter,  hoisting  from  4938 
feet,  eighteen  to  twenty  trips  are  made  per  hour.  At  De  Beers 
mine  at  Kimberley  forty- six  round  trips  in  one  hour  per  single 
skip  have  been  recorded,  and  an  average  of  thirty-two  round 
trips  per  hour  for  twenty-four  hours  from  a  depth  of  1 260  feet 
has  been  maintained.  In  the  Lake  Superior  district  in  the 
early  days  a  single  ton  was  considered  a  fair  load,  whilst  now  the 
loads  are  5  tons  in  the  iron  mines  and  7  i  tons  in  the  copper 
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mines.  The  steam  pressure  has  also  been  increased,  150  lbs. 
being  now  usual. 

{dj  Comprfssed  Air. — Compressed  air  is  largely  employed  when 
the  hoisting  engine  has  to  be  placed  underground,  and  it  is 
especially  suitable  for  sinking  intermediate  shafts  {ioinzes). 
Compact  and  handy  forms  of  engines  are  supplied « by  various 
makers ;  many  of  them  are  similar  to  the  steam  winches  used 
on  board  ship,  and  consist  of  two  cylinders  driving  a  pinion 
which  works  a  spur-wheel  placed  on  the  same  shaft  as  the  drum. 

Occasionally,  as,  for  instance,  at  the  Long  Tunnel,  Walhalla,  in 
Victoria^  all  the  hoisting  of  a  mine  is  done  by  a  compressed  air 
engine.  The  reason  for  this  choice  at  the  Long  Tunnel  was  the 
fact  that  lode  was  reached  by  a  long  adit,  in  which  compressed 
air  appeared  to  be  the  most  convenient  method  of  transmitting 
power  from  a  motor  at  the  surface. 

(e)  Petroleum, — Oil-engines  have  come  into  use  to  a  small 
extent  in  Western  Australia,  and  in  some  of  the  western 
mining  districts  of  America,  where  there  is  a  scarcity  of  fuel 
and  water.  For  winding  purposes,  however,  their  construc- 
tion is  complicated  by  the  difficulty  of  starting.  A  small 
auxiliary  engine  is  sometimes  run  to  serve  as  starter  to  the 
winding  engine  proper. 

At  a  mine  in  the  Pilbarr  goldfield.  Western  Australia,  a 
2  horse-power  oil  engine  started  the  winding  engine  by  means 
of  a  friction  pulley  on  the  crank-shaft. 

(/ )  Oas, — Mine  hoisting  may  be  effected  by  gas  engines  with 
an  economy  of  fuel,  as  they  use  fuel  only  at  the  actual  time  of 
working.  They  are  now  built  of  the  vertical  type,  those  of  10  to 
60  horse-power  having  two  cylinders,  and  those  of  over  60  horse- 
power having  four  cylinders.  At  the  Yellow  Aster  mine, 
Randsberg,  California,  a  four-cylinder  double-drum  gas-winding 
engine  of  130  horse-power  is  in  use,  and  eight  gas  engines  of  the 
same  type  are  used  at  a  borax  mine  near  Daggett,  California. 

{(j)  EleclHcity. — Winding  by  electricity  is  not  yet  in  general 
use.  It  is  easy  to  understand  that  an  electrical  motor  can  be 
applied  to  the  drum  used  for  winding,  its  rapid  motion  being 
reduced  to  a  suitable  speed  by  means  of  gearing. 

The  construction  of  electric  winding  engines  began  in  1891. 
In  the  first  engines  constructed,  belt  transmission  of  geai'ing  was 
used  between  the  electromotor  and  the  winding  drum.  The 
plant  at  the  Hohenegger  shaft  at  Karwin  in  Austria  is  arranged 
in  this  way.  It  is  worked  by  polyphase  motors,  the  largest  of 
the  two  machines  being  of  350  horse-power.  The  first  direct- 
driven  electric  winding  engine  is  in  operation  at  the  Thiederhall 
potash  mine  in  Brunswick.  It  raises  200  tons  in  eight  hours 
from  a  depth  of  200  metres  at  a  speed  of  6  metres  per  second. 

Of  the  many  ingenious  devices  designed  to  meet  the  conditions 
of  a  winding  plant,  the  Ilgner,  Siemens,  and  Halske  is  the  best 
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known.  In  this  a  multiphase  current  drives  a  motor  direct 
coupled  to  the  armature  of  a  continuous-current  dynamo,  the 
connecting  shaft  carrying  a  heavy  fly-wheel.  The  direct  current 
from  the  dynamo  drives  the  motor  coupled  direct  to  the  winding 
drum.  The  energy  stored  by  the  fly-wheel  is  available  for  start- 
ing the  cage.  Speed  variation  is  possible  by  varying  the  field 
strength  of  the  dynamos  driving  the  winding  motor.  The  Koepe 
system  of  winding  is  specially  suitable  for  electric  winding.  The 
electric  winding  engine  of  the  Gelsenkirchen  colliery  is  designed 
for  this  system.  It  raises  1 000  tons  in  six  hours  from  a  depth  of 
1650  feet.    The  two  electromotors  are  each  of  1400  horse-power. 

Among  other  examples  of  electric  winding  engines  may  be 
cited  that  of  the  Ilgner  type  at  the  Leoben  iron  mines  in 
Austria,  which  raises  loads  of  800  kilogrammes  from  a  depth  of 
80  metres  at  a  speed  of  2*4  metres  per  second,  and  four  at  the 
Comstock  mines  in  Nevada,  one  of  which  raises  600  tons  a  day 
from  a  depth  of  2500  feet  at  a  speed  of  1250  feet  a  minute.  At 
Frongoch  lead  mine,  North  Wales,  the  hoist  is  driven  by  a  200-volt 
alternating-current  motor  making  578  revolutions  per  minute. 

Drums. — ^A  winding  drum  is  usually  a  mere  revolving 
cylinder,  around  which  the  rope  coils  itself.  It  is  formed  of 
two  centre-pieces  keyed  to  the  shaft,  each  carrying  arms,  to 
which  are  attached  rings.  Supported  by  these  rings  are  pieces 
of  plank  or  plates  of  iron  or  steel,  which  build  up  a  hollow 
cylinder,  the  length  and  diameter  of  which  depend  upon  the 
importance  of  the  plant.  In  large  mines  one  may  see  drums 
20  and  even  30  feet  in  diameter;  with  a  drum  of  20  feet,  10 
revolutions  mean  coiling  or  uncoiling  200  yards  of  rope. 

A  drum  constructed  for  Llanbradach  colliery  is  a  hollow 
cylinder  1 7  feet  in  diameter,  and  8  feet  wide.  In  Figs.  43 1  and 
432,  A  is  a  cast-iron  centre-piece  ;  B  B  are  arms  made  of  H  -steel, 
to  which  are  riveted  the  crossbars  of  channel-iron  0.  The 
skeleton  formed  in  this  way  is  covered  with  plates  of  steel  D, 
J  inch  thick,  which  are  fixed  with  countersunk  rivets  to  "f-iron 
E,  where  they  meet.  F  is  the  flange  to  prevent  the  rope  from 
slipping  off  the  drum,  and  G  the  wrought-iron  ring  upon  which 
the  brake  acts.  A  novelty  introduced  by  Mr.  Galloway  is  the 
arrangement  for  keeping  a  reserve  length  of  rope  to  supply  the 
loss  caused  by  successive  re-cappings.  Inside  the  main  drum  is 
the  hollow  cast-iron  cylinder  H,  capable  of  turning  indepen- 
dently. When  a  new  rope  is  put  on,  50  yards  of  it  are  coiled 
upon  H,  the  bolts  of  the  clip  I  are  fastened,  and  the  remainder 
is  wound  round  the  main  drum.  After  re-capping  the  rope  at 
the  end  of  two  months,  it  is  easy  to  unloose  the  clip  and  draw 
out  what  is  required.  The  drum  is  constructed  as  light  as 
possible,  in  order  to  prevent  power  from  being  wasted  in  start- 
ing and  stopping  an  unnecessarily  heavy  mass.  The  shaft  is  20 
feet  in  diameter  and  550  yards  deep  to  the  first  seam  of  coal 
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intended  to  be  worked  ;  but  it  will  be  probably  made  600  to  630 
yards  deep  in  time.  The  engine  is  expected  to  raise  200  tons  of 
coal  per  hour  with  two  mine  waggons  in  each  ct^e,each  waggon 
carrying  2  tons. 

An  objection  urged  against  the  plain  cylindrical  drum  is  that 
it  in  no  way  compensates  for  the  change  of  work  required  of  the 
engine  during  the  different  phases  of  the  act  of  winding.  To 
make  this  plain,  suppose  one  end  of  the  rope  to  be  at  the  bottom 
of  the  shaft  with  the  full  load  attached  to  it,  whilst  the  other  end 
is  &t  the  top  with  nothing  but  an  empty  cage.  On  storting,  the 
engine  has  to  raise  not  only  the  weight  of  the  load  of  mineral. 

Via.  431. 


but  also  the  entire  weight  of  the  rope  hanging  down  the  shaft, 
and  in  deep  mines  with  large  cages,  this  weight  is  by  no  means 
inconsiderable.  In  proportion  as  the  full  cage  is  raised,  the 
amount  of  dead  weight  of  rope  to  be  lifted  becomes  less  and  less. 
Eventually  the  full  and  empty  cages  meet ;  the  two  portions  of 
the  rope  then  balance  each  other,  and  the  engine  has  simply  to 
overcome  the  action  of  gravity  upon  the  mineral ;  lat«r  on  the 
rope  of  the  empty  cage  is  longer  than  that  of  the  full  one,  and 
a.'isists  the  engine  in  doing  its  work.  At  last,  when  the  load  is 
nearing  the  top,  the  drum  is  feeling  the  full  weight  of  the  rope 
of  the  empty  cage. 

Constancy  of  load  is  easily  obtainable  with  the  cylindrical 
drum  by  the  simple  expedient  of  adding  a  balance  rope — that  is 
to  say,  a  rope  hanging  down  the  shaft  with  one  end  attached  to 
the  bottom  ot  each  cage.  Provided  that  this  rope  agrees  in 
weight  with  the  winding  rope,  the  counterpoising  is  perfect,  for 
on  each  side,  in  every  phase  of  the  ascent  or  descent,  there  ia 
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always  the  same  dead  weight  acting  upon  the  drum.  This 
method  is  adopted  at  Llanbradach  and  also  at  De  Beers  mine. 
The  balance  rope  often,  but  not  invariably,  passes  round  a  pulley 
at  the  bottom  of  the  shaft. 

With  the  same  object  in  view  the  drum  is  made  spiral  or 
conical,  or  rather  of  a  combination  of  two  such  drums  united  by 
their  larger  bases.  The  rope  is  so  arranged  that  the  diameter 
of  the  coil  increases  as  the  act  of  winding  up  proceeds.  The 
load  at  the  bottom  of  the  pit  acts  upon  the  drum  shaft  with  a 

Fig.  433. 
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small  amount  of  leverage,  and  its  leverage  increases  as  the 
weight  due  to  the  rope  diminishes.  The  reverse  condition  of 
affairs  exists  with  the  descending  load  :  it  has  a  largo  leverage 
while  there  is  only  a  short  length  of  rope  hanging  down  the 
shaft,  but  as  the  weight  thrown  upon  the  drum  increases,  so  the 
leverage  diminishes. 

Intermediate  between  the  conical  and  the  cylindrical  drum  is 
one  which  combines  the  two  systems ;  the  conical  end  is  used  for 
starting  the  load  from  the  bottom  and  the  cylindrical  part  for 
completing  it.  This  type  of  drum  has  been  adopted  at  the 
Tamarack  copper  mine,  Lake  Superior. 
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When  a  flat  rope  is  used  instead  of  a  round  one,  it  is  con- 
venient, for  the  sake  of  distinction,  to  speak  of  the  winding 
cylinder  as  a  reel  or  bobbin  (Figs.  433  and  434).  It  is  provided 
on  both  sides  with  long  radial  arms,  which  serve  the  same  purpose 
as  the  horns  or  flanges  in  the  case  of  the  drum  ;  that  is  to  say, 
they  prevent  the  rope  from  slipping  off  sideways. 

The  flat  rope  coils  upon  itself,  and  as  the  winding  proceeds  the 
diameter  of  the  coil  increases,  if  the  cage  is  being  raised,  or 
decreases  if  the  cage  is  being  let  down.  In  this  way  there  is  a 
certain  compensating  action  similar  to  that  which  is  obtained 
with  a  spiral  drum — in  other  words,  at  the  moment  of  starting, 
when  the  load  is  at  the  bottom,  the  smallest  amount  of  leverage  is 
exerted  upon  the  driving  shaft  of  the  reel ;  whereas  at  the  end  of 
the  wind,  when  the  load  is  least,  it  is  exerting  the  greatest 
leverage. 

Koepe  and  Whiting  hoists,  to  which  reference  will  be  made 
subsequently,  have  been  substituted  for  drums. 

Fulley-Framea. — ^The  framework  at  the  top  of  the  shaft  for 
supporting  the  pulley  or  pulleys  is  known  by  different  names. 
It  is  sometimes  called  the  head-year ,  the  pit -head  frame,  or  poppet 
heads  (Cornwall).  It  may  be  constructed  of  timber,  iron,  or  steel ; 
and  metal  pulley-frames  are  usually  seen  nowadays  at  large  mines, 
where  winding  is  conducted  on  an  extensive  scale ;  at  small  mines 
and  during  sinking  operations  a  timber  head-gear  is  common. 

A  kind  of  frame  often  used  is  shown  by  Figs.  435,  436,  437, 
from  which  it  will  be  seen  that  four  large  upright  posts  support 
cross-beams  A,  B,  C,  D,  upon  which  the  pulleys  rest  The  frame 
is  suitably  stiffened  by  struts.  Its  principal  duty  is  to  resist  two 
forces — one  exerted  by  the  load  and  rope  hanging  down  the 
shaft,  and  the  other  by  the  rope  which  is  being  hauled  in  by 
the  drum.  At  a  moment  just  before  the  load  begins  to  move 
the  two  forces  will  be  equal,  and  the  direction  of  their  resultant 
will  be  a  line  bisecting  the  angle  between  the  two  parts  of  the 
rope,  and  passing  through  the  centre  of  the  pulley.  Provision 
therefore  should  be  made  for  resisting  this  pull,  and  this  is 
effected  by  stays,  such  as  are  shown  in  Figs.  435  and  437,  which 
represent  a  pulley -frame  used  for  sinking  a  shaft  some  200 
yards  deep  at  Halkyn  mine  in  Flintshire.  The  b^kstay  may 
be  placed  in  any  position  between  the  bisectrix  and  a  line 
parallel  to  the  rope  going  to  the  drum. 

During  the  sinking  at  Halkyn  only  one  bucket  was  used,  and 
as  this  had  to  hang  in  the  middle  of  the  shaft,  the  pulley  was 
placed  between  the  two  beams  B  and  C.  Now,  the  shaft  is  used 
for  winding  with  two  small  cages,  and  there  are  two  pulleys,  one 
between  A  and  B,  the  other  between  C  and  D. 

In  the  Transvaal,  wooden  pulley-frames  have  been  largely 
used.  A  good  example  is  that  at  the  City  and  Suburban  Main 
Incline,  which  covers  an  area  of   115  feet  by  20  feet,  and  is 
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60  feet  in  height.     The  principal  timbers  are  14  inches  square, 
the  main  bracing  being  1 2-inch  square  pine. 

Fig.  438  shows  the  head-gear  erected  at  the  perpendicular 

Fig.  436. 


Fig.  435. 


"  Rock  shaft "  of  De  Beers  mine,  whilst  Fig.  439  represents  the 
arrangements  at  the  now  disused  Incline  shaft  of  the  same  mine. 

Fig.  437. 
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The  head-gear  at  both  shafts  is  made  of  wrought-iron  trellis 
work.  At  the  Rock  shaft  the  legs  and  stays  are  3|-inch  angle- 
iron,  I  inch  thick.     The  lattice  bars  are  3  J  by  §  inch ;  the  total 
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height  from  the  ground  to  the  centre  of  the  pulleys  is  6i  feet. 
The  steel  head-gear  and  copper-ore  bins  at  the  Parrot  mine, 
Butte,  Montana,  are  shown  in  Fig.  440. 

Fig.  438. 


Pulleys.— Winding  pulleys  have  to  be  placed  on  the  pit  head 
frame  in  order  to  change  the  direction  of  the  rope. 
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Nowadays,  in  all  important  windings,  the  pulleys  are  made 
from  10  to  15,  and  even  20  feet  in  diameter,  in  order  to  subject 
the  rope  as  little  as  possible  to  sharp  bendings^  which  would 
reduce  its  life. 

The  cast-iron  boss^  or  centre,  is  joined  by  wrought-iron  arms 
to  a  grooved  rim  also  made  of  cast  iron  (Fig.  441).  In  course 
of  time  steel  ropes  wear  away  the  rim^  and  to  lessen  this  source 
of  trouble,  the  part  in  which  the  rope  lies  may  be  chilled.  The 
groove  should  fit  the  rope ;  for  if  it  is  too  wide,  the  rope  will 
rest  upon  a  small  part  of  its  circumference  and  be  liable  to  be 
squeezed. 

At  some  mines  pulleys  are  made  with  a  light  rim^  which  will 
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not  last  for  more  than  a  year.  The  object  in  view  is  the 
prevention  of  wear  from  rubbing.  When  the  speed  of  the 
engine  is  slackening,  the  pulley,  in  virtue  of  its  momentum, 
tends  to  travel  faster  than  the  rope,  and  thereby  to  grind  its 
surface.  A  diminution  in  the  weight  of  the  rim  lessens  the 
momentum,  and  therefore  reduces  the  rubbing  action.  The 
advantage  gained  in  this  way  is  considered  sufficient  to 
compensate  for  the  more  frequent  changing  of  the  pulleys. 

2.  HOPES,  CHAINS,  AND  ATTACHMENTS.  —  Ropes : 
Ropes  are  made  of  vegetable  fibre  of  some  kind,  or  of  iron  or 
steel  wire.  The  vegetable  fibres  used  are  hemp  and  man  ilia, 
which  are  twisted  into  yarn  ;  the  yarns  are  laid  together  so  as 
to  form  strands,  and  finally  the  strands  are  laid  together  to 
form  the  rope. 

For  winding  by  hand^  in  sinking  small  intermediate  shafts 
{tcinzes)y  a  hemp-rope,  about  ^  inch  in  diameter  and  made  up  of 
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three  strands,  is  commonly  employed.     For  heavier  work,  either 

Fig.  440. 


a  round  rope  of  larger  section  is  necessary,  or  a  flat  rope  formed 
by  sewing  together  several  round  ropes. 
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Wire  ropes  were  first  used,  in  1834,  by  Albert  at  Clausthai  in 
the  Hartz. 

Iron    is  very  little  employed  nowadays  for  making  wire  ropes, 
its  place  having  been  taken  by  steel. 

At  Frzibram,  where  winding  is  carried  on  in  perpendicular 
shafts,  one  of  which  has  attained 
the    enormous    depth    of    3642  £'10.441. 

feet,  the  ordinary  crucible  cast- 
steel,  with  a  tensile  strength  of 
76  tons  per  eq.  in.,  was  used  up 
to  the  year  1885  ;  since  then 
they  have  employed  wire  of 
"  patent  crucible  cast  steel "  or 
"  extra "  or  "  special  crucible 
caat  steel,"  with  a  tensile  strength 
of  114  to  130  tons  per  sq.  inch; 
the  results  are  more  satisfactory, 
and  the  ropes,  after  having  been 
in  use  for  two  and  a  half  years, 
showed  very  little  sign  of  wear, 
iind  not  a  single  broken  wire.  I 
The  former  ropes,  made  of  ordi- 
nary steel,  lasted  on  an  average 
only  z6  months. 

Winding  -  ropes  are  usually 
made  with  six  strands  and  a 
central  core  of  hemp,  each  strand 
being  made  up  of  seven  wires 
(Fig.  44j).  The  core  is  some- 
times made  of  wire  ;  for  instance, 
if  the  rope  has  to  work  in  a  very 
hot  shaft,  or  if  it  is  used  for 
haulage  purposes  with  clips  which 
require  that  the  diameter  should 

remain  constant.  In  ordinary  ropes  the  "lay"  of  the  strand 
is  like  that  of  hemp  ropes  ;  that  is  to  say,  the  reverse  of  the  lay 
of  the  rope  (Figs.  443  and  444).  Lang  has  improved  the  method 
of  manufacture  by  making  the  lay  of  the  strand 
the  same  as  the  lay  of  the  rope ;  the  wires  are  pm,  j., 
less  sharply  bent,  and  present  a  longer  wearing 
surface.  The  result  is,  that  whilst  the  wires  of 
an  ordinary  rope  wear  quickly  on  the  crown  of 
the  bend  and  break  (Fig.  444),  Lang's  rope,  with 
its  greater  wearing  surface,  has  a  much  longer 
life.  Figs.  445  and  446  are  taken  from  actual 
examples  of  Lang's  rope  before  and  after  use. 
•'-  Haggle's  patent  Protector  rope  has  a  special  covering  destined 
to  take  the  wear.  Bach  strand  has  a  wire  wound  round  it 
spirally,  which  protects  it  from  rubbing,  and  therefore  a  more 
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flexible  wire  can  be  used  than  would  be  advisable  with  an  un- 
protected rope.  Whilst  an  ordinary  rope  is  weakened  by  the 
wear  of  its  wires,  the  strength  of  the  protected  rope  does  not 
suffer  from  the  gradual  thinning  of  the  covering. 

Messrs.  Latch  and  Batchelor  have  introduced  a  "  flattened 
strand''  rope  (Figs.  447,  448,  and  449).     The  object  of  the  new 

method  of   construe- 


Figs.  443  and  444. 


Figs.  445  and  446. 


Fig.  447. 
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tion  is  to  obtain  an 
outer  surface  more 
nearly  cylindrical 
than  that  of  the  ordi- 
nary rope  (Fig.  442). 
The  strands  are  oval 
in  section,  and  this 
form  is  produced  by 
**  laying  "  ordinary 
wires  round  a  flat 
wire  or  a  combina- 
tion of  wires.  It  is 
evident  from  the 
figures  that  the  bear- 
ing surface  of  the 
rope  is  thus  in- 
creased, or,  in  other 
words,  that  the 
liability  of  any  indi- 
vidual wire  to  wear 
is  lessened.  It  is 
asserted  by  the  in- 
ventors that  their 
rope  has  150  per 
cent,  greater  wearing 
surface  than  Lang's 
or  ordinary  ropes. 

In  designing  the 
"  locked  coil  wire 
rope,"  Messrs.  Latch 
and  Batchelor,  the 
inventors,  departed 
entirely  from  the  old 
traditions  of  manufacture.  They  considered,  and  very  properly, 
that  when  one  is  dealing  with  a  material  like  steel-wire,  which 
can  be  obtained  of  very  great  length,  it  is  quite  unnecessary  to 
copy  the  methods  suitable  for  the  short  fibres  of  hemp. 

These  ropes  are  made  of  wires  of  different  sections  ;  some  of 
the  wires  are  V-shaped,  others  more  like  the  letter  S>  ^^'^  ^^® 
adjacent  wires  fit  into  one  another  like  a  set  of  spoons,  the 
concave  part  of  one  wire  receiving  the  convex  part  of  the  next. 


Fig.  449. 
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The  rope  is  not  composed  of  a  series  of  strands,  but  of  a  series 
of  concentric  rings  of  shaped  wires^  and  the  separate  wires  form 
long  spirals. 

By  consulting  Fig.  450,  which  represents  one  variety,  it  is 
evident  that  nearly  the  whole  of  the  section  of  the  rope  is  made 
up  of  useful  material.     There  are  scarcely  any  spaces  such  as 
exist  between  the   wires   and   the 
strands  of  an   ordinary  rope,  and  Fjo.  450. 

consequently  for  any  given  section 
the  locked  coil  variety  of  rope  is 
stronger  than  a  strand  rope. 

It  is  very  flexible  and  has  a 
smooth  uniform  surface,  which 
makes  it  look  at  a  little  distance 

like  a  solid  bar  of  iron.  No  one  wire  of  the  outer  ring  is  more 
exposed  to  wear  than  the  other ;  consequently  there  is  not  the 
danger  of  having  broken  wires,  arising  from  the  top  of  the 
crown  being  rubbed  off  by  continued  use  (Fig.  444).  Another 
advantage  is  the  absence  of  any  tendency  to  turn,  whereas  the 
ordinary  rope  with  the  spiral  strands  twists  somewhat  when 
passing  over  a  pulley.  In  sinking  a  shaft  with  such  a  rope,  the 
kibble  spins  round  during  its  descent  and  ascent,  involving  a 
risk  of  accident,  which  is  best  avoided.  However,  strand  ropes 
that  will  not  twist  are  supplied  by  some  makers. 

The  disadvantage  of  the  locked  coil  rope  is  that  it  cannot  be 
spliced,  but  sockets  can  be  used  for  connecting  one  length  to 
another. 

Intermediate  in  character  between  the  ordinary  rope  and  the 
locked  coil  rope  is  the  variety  known  as  Laidler's  patent  "  Sector 
wire  rope."  Each  strand  is  cylindrical,  and  is  composed  of 
several  wires  in  the  form  of  sectors  of  a  circle,  and  the  strands 
are  laid  together  to  make  the  rope.  Fathom  for  fathom,  it  is  a 
little  heavier  than  Lang's  rope  ;  it  is  said  to  withstand  a  great 
deal  of  wear. 

Chains. — Chains  were  largely  used  in  ore-mining  at  one 
time.  They  have  the  advantage  that  they  will  coil  round  a 
small  drum,  and  the  further  advantage  that  they  will  stand 
much  rough  usage,  such  as  fell  to  their  lot  formerly  in  some 
of  the  crooked  shafts  in  Cornwall.  But  there  is  the  over- 
whelming disadvantage  that  a  chain  is  no  stronger  than 
its  weakest  link  ;  and  now  that  steel-wire  ropes  have  come 
into  use  in  mines,  winding  with  the  chain  is  practically  a  thing 
of  the  past. 

Attachments. — It  is  important  to  study  the  modes  of  connect- 
ing the  rope  to  the  receptacle  in  which  the  mineral  is  drawn 
up.  In  sinking  by  hand  in  Cornwall,  the  hemp  rope  is  attached 
to  the  bucket  by  a  knot  known  as  the  "gooseneck,"  which  is 
said  never  to  slip,  and  is  easily  and  quickly  made ;  but  where 
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Fio.  451. 


Fig.  4S4. 


Fio.  4S;. 


the  bucket  is  emptied  without  being  detached,  this  latter  point 
is  of  little  importance.  In  Wales  and  the  Isle  of  Han  a 
spring  hook  {clefi«)  is  preferred,  such  as  shown  in 
Fig,  451,  the  rope  being  put  through  an  eye  and 
made  secure  by  a  large  knot.  This  method  is  con- 
venient when  it  is  necessary  to  detach  the  bucket, 
,  and  move  it  away  from  the  shaft  before  it  is 
emptied.  A  third  device  is  a  spiral  hook  which 
will  not  allow  the  bucket  to  fall  off  in  the  opera- 
tions of  raising  and  lowering,  whereas  it  can  be 
regularly  taken  off  by  the  workman. 

With  a  wire  rope  it  is  necessary  to  form  a  loop 
)f  some  kind,  which  can  be  attached  to  the  load 
by  a  O-bI^P^  lick  with  a  screw  pin.     There  are 
several  means  of  effecting  this  purpose.    The  ropes 
sent  from  the  makers  are  often  supplied  with  an  eye  spliced  in 
(Fig.  452*),  that  is 
to  say,  the   end    of 
the   rope  is   turned 
round    an    eye   and 
then  spliced  back  so 
as  to  hold    it  firm. 
As     there     is     not 
always  a  competent 
splicer     at      mines, 
methods   of   attach- 
ment   have     to    be 
employed  which  are 
within  the  capacity 
of  an  ordinary  smith. 
I    Thus  the  end  of  the 
rope   may   be    bent 
I    back    over    an    eye 

I  and  held  in  position 

II  by  three  clamps 
J  (Figs.  453  and  454), 
I  or  a  socket  may 
'1    be  riveted  on  (Fig. 

45S)- 

Figs.  456,  457, 
J  and  458  represent 
f    a.    socket    made    by 

Messrs.       George 
,     Elliot   &  Co.,  Ltd., 

for  the  locked  coil 

rope  and  for  ordinary 
I  rope ;    B,  socket ;  C, 


*'io.  453- 
ts.     A,  locked  coil  ' 


"  Copied,  67  permission,  from  Messrs.  George  Cradock  k  Co. 'a  figure 
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hollow  conical  plug ;  J),  wire  bound  or  "  served "  round  the 
rope ;  E,  ends  of  the  wires  of  the  rope  turned  back  over  the 
con« ;  F,  wire  bound  round  them.  After  the  end  of  the  rope 
haK  been  prepared  in  tliin  way  and  drawn  into  the  socket,  the 
rings  G  G  G  are  driven  down,  uud  the  ftistening  it^  complete. 

Figd.  459  and  460  explain  the  "capping,"  which  has  been 
adopted  at  some  colliei-ies  ne^r  Bristol,  since  the  failure  of  a 
riveted  socket.     A  A,  clamps  for  liolding  the  rope,  each  with 


Fio.  460. 


Fio.  456.     Fig.  457.    Fio.  458. 


I  plate  with  a  groove  nil  round  it  in 
,  a  large  shackle  attached  to  the  iron 


four  bolts;  B,  casbir 
which  the  rope  lies; 
plate  by  a  pin  C 

A  description  of  the  method  of  splicing  ropes  will  be  found 
in  the  catalogues  of  some  of  the  well-known  rope  makers,  and 
need  not  be  repeated  here. 

Splicing  ia  not  always  adopted  for  joining  two  parts  of  «  wire 
rope ;  sometimes  a  socket  is  attached  to  each  end,  and  the  two 
sockets  are  then  connected  hy  a  D-link  with  a  screw  pin.  It 
should  be  remarked  that  it  is  often  at  or  near  the  socket  that 
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the  rope  wears,  and  consequently  it  is  advisable  to  remove  the 
sockets  at  regular  intervals,  cut  off  a  piece  of  the  rope,  and 
replace  the  socket  where  the  rope  is  good  and  sound. 

The  preceding  descriptions  refer  to  winding  ropes  of  uniform 
section,  but  tapering  ropes  have  advantages.  Let  us  take  the 
case  of  a  wire  rope  which  is  hanging  down  a  deep  pit.  The  part 
of  the  rope  at  the  bottom  of  the  shaft  has  simply  to  support  the 
cage  or  bucket  and  the  load  contained  therein,  whilst  the  part 
at  the  top  must  be  strong  enough  to  support  not  only  the  weight 
of  the  receptacle  and  its  load,  but  also  the  weight  of  the  rope 
below  it.  In  other  words,  greater  strength  is  required  at  one 
end  of  the  rope  than  at  the  other,  and  on  this  account  tapering 
ropes  are  sometimes  employed. 

The  advantage  of  employing  such  ropes  is  especially  felt  in 
the  case  of  very  deep  shafts,  such  as  those  of  the  famous  lead 
and  silver  mines  of  Przibram  (Bohemia)  already  alluded  to. 
Three  of  the  principal  shafts  have  the  following  depths : — 


Kaiser  Franz  Josef  shaft 
Adalbert  shaft    . 
Maria 


»» 


looo  metres  or  3281  feet. 
1070        „  3SIO    „ 

mo        „  3642 


»» 


Fig.  461. 


The  taper  is  produced  by  using  successively  wires  of  smaller 
section,  and  not  by  reducing  their  number. 

3.  BECSPTACLES. — There  are  three  kinds  of  receptacles 
in  which  the  load  is  raised  in  the  shaft :  (a)  Buckets  (kibbles), 

baskets  or  bags  which  swing  loose  or  slide  in 
the  shaft;  (b)  buckets  or  boxes  {skips,  Corn- 
wall) working  between  guides ;  (c)  cages  carry- 
ing one  or  more  waggons.  . 

(a)  The  bucketa  are  made  of  hide,  wood, 
sheet  iron,  or  sheet  steel. 

Wooden  kibbles  are  made  of  staves  in  the 
same  way  as  a  barrel,  and  are  suitably  strength- 
ened with  bands  of  iron  in  order  to  resist  the 
wear.  A  petroleum  barrel  cut  down  at  one 
end  may  be  easily  converted  into  a  kibble. 

Various  forms  are  seen — viz.,  round,  elliptical, 
or  square,  and  the  sides  are  straight,  or  bulging 
in  the  middle.  Fig.  461  represents  a  common 
form  of  sheet-iron  kibble,  made  of  hammered 
plates  riveted  together  and  closed  at  the  bottom  by  a  circular 
plate  provided  with  a  ring.  At  the  top  is  the  so-called  bow, 
either  a  bar  of  round  iron  with  a  hook  at  each  end  and  bent 
so  as  to  form  a  loop  in  the  middle,  or  else  made  thicker  and 
provided  with  a  hole,  to  which  the  rope  or  chain  is  attached. 

In  perpendicular  shafts,  a  lining  of  planks  is  often  put  in 
around  the  winding  compartment^  so  that  the  kibble  may  glide 
up  and  down  smoothly,  without  risk  of  catching  against  the  sides. 
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In  inclined  shafts  the  *^  footwall "  side  is  lined  with  boards 
(bed-planks)  resting  upon  cross  sleepers.  Hard  wood,  such  as 
oak  or  beech,  will  naturally  last  longer,  and  require  fewer 
repairs  than  deal.  In  the  Hartz,  poles  fixed  lengthwise  take 
the  place  of  boards,  which  are  customary  in  this  country. 

Other  receptacles  used  in  winding  are  baskets,  whence  comes 
the  name  corf  {Korh,  German),  bags  made  of  hides  used  in 
Mexico  and  elsewhere,  particularly  in  the  early  days  of  new 
fields,  small  wooden  platforms  suspended  by  chains  from  the 
four  corners,  and,  lastly,  nets,  which  are  employed  in  Roumania. 

In  the  exceptional  case  of  a  liquid,  such  as  petroleum  or 
brine,  the  mineral  is  raised  by  a  bailer.  The  bailers  used  at 
Baku  are  often  40  feet  in  length. 

A  word  must  be  said  about  the  actual  loading  and  emptying 
of  the  kibble ;  sometimes,  as  already  mentioned,  the  kibble  is 
filled  at  the  working-place  or  from  a  shoot  (  pass^  Cornwall),  and 
is  then  conveyed  on  a  trolley  to  the  shaft,  where  it  is  hooked  on 
to  the  rope  and  drawn  up.  More  frequently  the  filler,  standing 
in  an  enlarged  part  of  the  level  {plaf)  where  it  joins  the  shaft, 
loads  the  kibble  with  a  shovel ;  in  order  to  save  time,  two 
kibbles  are  often  provided,  one  being  filled  while  the  other  is 
making  the  journey  to  and  from  the  surface.  In  this  case  it  is 
necessary  to  have  some  kind  of  clevis,  which  will  enable  the 
kibble  to  be  readily  detached  from  the  winding  rope  and  quickly 
and  securely  re-attached. 

On  the  arrival  of  the  kibble  at  the  surface,  the  lander  seizes 
an  eye  or  ring  at  the  bottom  (Fig.  461)  by  a  pair  of  tongs  sus- 
pended by  a  chain,  and  then  gives  the  signal  for  the  rope  to  be 
lowered  slightly.  The  kibble  turns  over  because  it  is  suspended 
from  the  bottom,  and  its  contents  are  shot  out  into  a  tram- 
waggon  placed  ready  to  receive  them.  During  the  operation 
of  discharging  the  kibble,  the  mouth  of  the  shaft  should  be 
covered  by  a  hinged  door,  so  as  to  prevent  stones  from  falling 
down  and  injuring  the  filler  in  the  plat, 

•  The  inconveniences  of  this  method  of  winding  are  considerable, 
especially  in  inclined  and  crooked  shafts.  Rapid  hoisting  is  out 
of  the  question.  Power  is  wasted  in  overcoming  friction,  and 
there  is  great  wear  and  tear  of  the  bed-planks  and  casing  boards ; 
and,  unless  constant  attention  is  paid  to  repairs,  holes  are  worn 
in  which  the  kibble  catches,  causing  the  rope  to  break.  The 
fall  of  a  kibble  and  its  contents  not  only  does  much  damage  to 
the  shaft,  but  is  also  a  source  of  danger  to  the  men.  In  some  old 
shafts  the  friction  must  have  been  enormous,  for  deep  grooves 
have  been  worn  in  hard  rock  by  the  constant  rubbing  of  the  chain. 

The  aerial  incline,  known  in  Scotland  as  the  <*  Blondin,"  is  a 
convenient  method  of  raising  stone  from  open  quarries,  when  it 
is  necessary  from  time  to  time  to  alter  the  point  at  which  load- 
ing takes  place, 
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A  B  (Fig.  462  *)  is  a  strong  upright  po8t>  held  firmly  in  posi- 
tion by  guy  ropes,  of  which  only  one,  C  A,  is  shown.  A  D  is  a 
stout  wire  rope,  fixed  to  the  top  of  the  post,  and  anchored  at  D 
on  the  opposite  side  of  the  quarry.  It  constitutes  an  aerial  rail 
for  two  grooved  pulleys  contained  in  the  travelling  cradle  E. 
The  rope  F,  attached  to  the  cradle,  passes  over  the  large  pulley 
G,  and  thence  to  a  horizontal  winding-drum>  not  shown  in  the 
figure.  The  engine-house  is  at  the  very  edge  of  the  quarry,  and 
is  so  placed  that  the  engine-man  can  look  down  to  the  bottom. 
The  cradle  E  will  run  down  from  A  to  D  by  its  own  weight,  and 
can  be  drawn  up  by  winding  the  rope  F  upon  its  drum.  A  loop 
attached  to  E  supports  the  large  pulley  H,  and  the  hoisting  rope 
I.  This  rope  passes  under  the  pulley  K,  over  the  pulley  H,  over 
a  pulley  immediately  by  the  side  of  G,  and  thence  to  a  drum 
precisely  like  that  of  F,  and  running  upon  the  same  shaft.  L  is 
a  rectangular  box,  like  the  body  of  a  waggon,  which  is  loaded 
with  stone  at  the  bottom  of  the  quarry,  and  hooked  on  to  the 
four  chains  hanging  from  K ;  it  is  then  drawn  up  and  landed  on 
to  the  truck  M.  Let  it  be  supposed  that  the  load  has  been  hooked 
at  the  point  N  in  the  bottom  of  the  quarry,  vertically  below  L 
in  its  present  position.  The  drum  of  I  is  thrown  into  gear  by 
a  clutch,  and  the  rope  wound  up.  K  is  gradually  raised,  and 
when  it  approaches  H,  the  drum  belonging  to  F  is  thrown  into 
gear ;  the  ropes  F  and  I  are  now  wound  up  at  the  same  speed, 
until  E  is  drawn  close  up  to  A,  with  its  load  hanging  directly 
over  M.  Winding  is  stopped,  brakes  are  put  on,  and  the  drum 
of  I  is  disengaged  by  its  clutch.  By  slackening  the  brake  of  I, 
while  that  of  F  is  kept  tight,  the  load  can  be  lowered  on  to  M, 
which  is  trammed  away  as  required.  An  empty  box  is  hooked 
on,  K  is  wound  up  a  little,  till  it  approaches  H,  and  then, 
throwing  the  drum  of  I  out  of  gear,  the  engine-man  lets  both 
ropes  run  out  under  the  control  of  their  brakes.  When  E  has 
reached  its  proper  position,  it  is  stopped  by  tightening  the 
brake  of  the  F  drum ;  K  then  descends  vertically  till  L  has 
reached  the  bottom  of  the  quarry. 

It  is  evident  that  by  properly  arresting  the  descent  of  E,  the 
box  can  be  lowered  so  as  to  pick  up  a  load  at  any  point  along 
the  line  0  P,  which  is  vertically  below  A  D.  If  after  a  time  it 
becomes  more  convenient  to  load  elsewhere,  the  anchorage  at  I) 
is  shifted  accordingly. 

At  slate  quarries  in  North  Wales  and  Cornwall,  the  rope  F  is 
not  used,  and  E  is  stopped  by  a  clamp  fastened  at  any  desired 
point  of  the  rope  A  D.  The  arrangement  shown  in  Fig.  462 
introduced  many  years  ago  by  Mr.  Fyfe  at  granite  quarries  near 
Aberdeen,  is  better,  for   it  does   away  with  the  necessity  of 

*  For  the  sake  of  making  a  clear  diagram  on  a  small  page,  Fig.  462  is 
not  drawn  to  scale. 
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sending  a  man  down  the  rope  to  adjust  the  clamp.  A  slightly 
different  plan  is  in  use  at  Easdale  slate  quarry  in  Argyllshire. 
The  travelling  cradle  carries  the  usual  hauling  rope  I,  hut  in 
place  of  F  there  is  attached  to  it  an  endless  rope,  which  stretches 
across  the  quarry,  and  passes  over  suitable  pulleys.  So  long  as 
the  endless  rope  is  free  to  move,  the  cradle  will  run  from  A  to 
D,  but  when  the  banksman  stops  its  travel  by  a  screw  clamp, 
the  load  ascends  or  descends  vertically.  If  the  slope  of  the 
carrying  rope  fixed  across  the  quarry  is  too  small  to  allow  the 
cradle  E  to  run  of  itself,  an  endless  rope,  worked  by  a  drum,  is 
used  for  hauling  it  backwards  or  forwards  as  required. 

(b)  Guided  Buckets  or  Boxes. — When  winding  in  shafts  it 
is  best  to  employ  guides,  in  order  to  keep  the  receptacle  in 
one  proper  course,  and  prevent  it  from  touching  the  sides.  The 
guides  may  be  chains,  wire  ropes,  bars  of  wood  or  round  iron, 
or,  lastly,  iron  or  steel  rails. 

Chains  are  rarely  met  with;  the  commonest  method  of  guiding 
in  perpendicular  shafts  is  to  hang  two  stout  wire  ropes  from 
the  top  to  the  bottom  of  the  pit,  and  to  provide  the  winding 
receptacle  with  eyes  which  pass  over  them.  They  are  kept  taut 
by  weights  or  screws. 

Wire-rope  guides  may  be  used  even  in  the  case  of  a  kibble ;  a 
cross-bar  with  two  eyes  is  attached  near  the  end  of  the  winding 
rope ;  though  the  kibble  remains  loose,  it  is  so  close  to  the  cross- 
bar that  it  can  swing  but  little.     By  fitting  wire-rope  guides  of 

this  kind  to  perpendicular  shafts  origi- 
nally worked  with  the  ordinary  loose 
kibble,  winding  can  be  carried  on  with 
greater  speed  and  safety,  whilst  the  cost 
of  making  the  alteration  is  comparatively 
small.  There  is  the  further  advantage 
that  the  shaft  when  provided  with  guides 
becomes  available  for  raising  and  lower- 
ing the  men. 

In  1887  Mr.  William  Galloway  intro- 
duced an  ingenious  method  of  applying 
these  wire-rope  guides  to  a  shaft  in  the 
course  of  sinking.  He  provides  two 
wire-rope  guides  coiled  upon  two  drums 
which  are  worked  by  a  steam  crane, 
either  separately  or  together.  The  guide 
ropes  (a  a,  Fig.  463)  pass  over  two  pulleys 
at  the  top  of  the  shaft,  parallel  to  the 
winding  pulley,  and  are  attached  to  a  platform,  which  serves  as 
a  walling  stage,  and  is  raised  and  lowered  as  required.  A 
hole  in  the  middle  affords  a  passage  for  the  bucket  {kibblcy 
bowk,  hoppet). 

As  the  shaft  is  deepened,  the  guide  ropes  are  paid  out  from 
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time  tw  time,  and  in  this  manner  it  is  onlj>  at  the  very  bottom 
that  the  bucket  is  swinging  loose.  The  guiding  apparatus  con- 
sists of  a  cross-bar  having  a  round  hole  in  the  centre  c,  through 
wfaicb  the  winding  rope  passes.  It  bas  two  legs  with  boles, 
bb,  at  top  and  bottom  which  receive  the  guides.  This  rider 
descends  as  the  bucket  is  lowered,  but  when  the  legs  meet  witb 
the  walling  stage  their  motion  is  arrested  ;  the  kibble,  however, 
can  proceed  further  because  the  winding  rope  passes  down 
through  the  central  hole  c. 

After  passing  below  the  stage  the  kibble  is  unguided,  but  the 
distance  it  has  to  travel  is  farely  more  than  15  or  30  yards. 
Before  starting  on  its  upward  journey,  the 
kibble  is  brought  properly  into  line  witb  Fio-  464. 

the  rope  and  steadied,  and  on  arriving  at 
the  sti^e,  an  india-rubber  buffer  carried  by 
an  iron  plate  at  the  bottom  of  the  rope, 
lifts  up  the  rider ;  the  remainder  of  the 
ascent  is  performed  without  fear  of  the 
kibble  swinging  or  catching. 

Mr.  Galloway's  latest  walling  stage  has 
two  floors,  10  feet  6  inches  apart ;  the  lower 
one  is  a  circular  platform  of  timber  fixed  to 
a  frame  of  angle-iron  iP  iP  (Figs.  464  and 
465),  and  made  to  fit  the  inside  of  the  shaft 
as  dosely  as  possible. 

The  part  h  is  hinged,  and  can  be  raised 
by  means  of  the  chain,  when  passing  the 
cross  beams  (liuntoni)  which  support  a  venti- 
lating pipe.  The  upper  floor  of  the  stage 
is  similar  to  the  lower  one,  except  that  it 
is  somewhat  smaller  in  diameter,  and  is 
not   made   to   cover   the  binge<l    segment  yiq  46e 

below.  The  two  floors  are  held  apart  by 
four  corner  pieces  of  angle-iron,  to  which  are  attached  four 
platos  of  sbeet-iron,  fc^ming  together  a  frustrum  of  a  pyramid, 
5  feet  6  inches  square  at  the  top,  and  6  feet  6  inches  square 
at  the  bottom.  The  object  of  these  plates  is  to  prevent  men 
who  are  standing  upon  the  lower  stage  from  falling  into  the 
central  opening,  and  at  the  same  time  the  upper  floor  constitutes 
a  protecting  roof  over  their  heads. 

Men  climb  from  the  lower  to  the  upper  platform  by  means  of 
the  ladder  m  which  passes  through  a  small  man-hole  in  the  iron 
covering  plates. 

The  two  guide  ropes  which  carry  the  stage  are  shown  by 
letters  nn'. 

This  double  stage  is  decidedly  safer  than  the  single  platform 
originally  employed  by  Mr.  Galloway. 

Although  primarily  designed  for  sinking  coal-pits,  and  most 
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frequently  applied  for  this  purpose,  this  method  of  guiding 
was  used  with  marked  success  in  sinking  a  shaft  at  New 
Minera  lead  and  zinc  mine  near  Wrexham ;  it  was  found  that 
the  great  advantage  of  being  able  to  wind  with  safety  at  a 
higher  speed  fully  repaid  the  expense  of  putting  in  the  guides. 

In  the  Northwich  mines  rock-salt  is  brought  up  in  wooden 
buckets  guided  much  in  the  same  way,  except  that  round  iron 
bars  are  employed  instead  of  ropes.  Each  length  of  rod  has  a 
socket  at  one  end  and  a  projecting  pin  at  the  other ;  the  pin  of 
one  rod  fits  into  the  socket  of  the  next  and  is  fastened  by  a  key 
driven  through  a  slot.  These  guides  are  chosen  in  the  special 
case  of  salt  because  they  suffer  less  from  rusting  than  those  made 
of  wire  ropes,  owing  to  the  absence  of  interstices  in  which  saline 
water  would  collect  and  corrode  the  iron. 

We  next  come  to  the  box  of  rectangular  or  circular  section 
(skip),  made  of  sheet-iron  or  sheet-steel.  It  usually  has  a  sloping 
bottom,  and  is  provided  with  a  hinged  door  for  discharging  its 
contents ;  in  some  instances  it  is  emptied  by  being  turned  over 
automatically  on  reaching  the  top  of  the  shaft.  The  skip  may 
be  used  in  perpendicular,  inclined,  or  crooked  shafts.  The  guides 
or  conductors  are  most  commonly  rectangular  bars  of  wood, 
bolted  to  the  end-pieces  of  the  shaft  and  to  the  *'  dividings  "  in 
the  manner  shown  by  Fig.  256. 

If  the  shaft  is  perpendicular  the  skip  may  be  guided  by  two 
IJ -shaped  shoes  of  iron,  which  clasp  the  three  sides  of  the  con- 
ductor. If  it  is  inclined  the  skip  runs  upon  four  wheels,  as 
shown  by  Fig.  466.  In  an  inclined  shaft  the  conductors  some- 
times have  rails,  upon  which  the  wheels  of  the  skip  run,  in 
others  the  timber  is  not  protected  in  any  way.  Some  of  the 
skips  in  Cornwall  are  made  to  hold  as  much  as  a  ton  and  a  half 
of  tin-bearing  rock. 

When  winding  is  going  on  from  any  particular  level,  a  stop, 
such  as  a  strong  bar  of  iron,  is  put  across  the  shaft  to  arrest 
the  skip ;  the  miner,  standing  in  the  plat,  shovels  the  mineral 
into  it,  and  gives  the  signal  to  have  it  drawn  up  as  soon  as  it  is 
filled. 

A  better  plan  is  to  adopt  the  arrangement  explained  in  Fig. 
466,  which  will  easily  be  understood.  B  is  a  strong  plate 
working  on  a  pivot  which  is  put  down  to  stop  the  skip;  C  is 
a  pivoted  hood  turned  over  the  mouth  of  the  skip  so  as  to 
prevent  stones  from  falling  into  the  shaft,  and  when  this  is  in 
its  place  the  workman  raises  the  door  of  a  large  bin  or  hopper 
and  allows  part  of  its  contents  to  run  out.  The  hopper  has 
been  filled  by  tipping  waggons  from  the  line  of  rails  in  the  level 
above. 

On  reaching  the  surface  a  hinged  sloping  door  is  turned  over 
the  shaft  and  the  skip  is  lowered  a  little  until  it  rests  upon  it ; 
the  workman  {lander)  then  knocks  up  the  bolt  retaining   the 
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door  of  tlie  skip,  and  the  cont«nta  fall  out  into  the  tmm-waggon 
placed  to  receive  them.  The  lander  replaces  the  bolt,  the  ^ip 
is  raised  slightly,  the  door  pulled  back,  and  the  skip  lowered 
once  more  into  the  shaft. 

The  skip  ia  sometimes  tilted  completely  over  instead  of  being 
emptied  through  a  hinged  door ;  this  arrangement  is  in  use  in 
some  German  mines,  where  the  skip  is  nude  of  wood  and  is 

Via.  466. 


guided  on  each  side  hy  two  pins  or  rollers  running  between  two 
conductors.  On  reaching  the  surface,  the  two  lower  pins  are 
supported  and  act  as  pivots,  while  the  upper  ones  pass  through 
openings  in  the  front  guides ;  the  nkip  turns  upon  the  lower  pins, 
is  tipped  over,  and  so  emptied. 

Some  very  rapid  work  was  formerly  done  at  De  Beers  mine 
with  a  self<dischargiag  skip,  which  shows  that  this  method  of 
hoisting  must  not  be  despised,  even  by  those  who  are  ac- 
customed to  the  winding  of  large  quantities  of  coal  from  well- 
equipped  pits. 
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The  skip  (Figs.  467  and  468)  ran  upon  four  flanged  wheds, 
and  the  two  upj>er  or  front  wheels  were  half  the  width  or  tread 
of  the  two  back  or  lower  ones.  The  winding  rope  was  attached 
to  two  chains,  which  were  fixed  to  the  cross-bar  of  a  loop  or 
stirrup  which  can  turn  upon  the  pins  fixed  to  the  sides.     The 

Fid.  467. 


skip  ran  upon  steel  rails  (46^  lbs.  to  the  yard)  laid  upon  what 
may  be  called  conductors  or  longitudinal  sleepers.  At  the 
bottom  of  the  shaft  there  wajit  an  iron  shoot,  without  any  door, 
leading  to  the  skip.  During  the  descent  of  the  skip,  four  end- 
tipping  waggons  were  brought  into  position  round  the  shoot, 
the  catches  of  the  flap  doors  were  loosened,  and  the  doors  held 
closed  by  two  labourers.     As  soon  as  it  was  seen  to  pass,  the 

Via.  468. 


trucks  were  tipped,  and  the  signal  was  given  to  wind  up.  The 
skips  were  filled  so  quickly  at  the  bottom  that  the  man  at  the 
top  sometimcK  received  this  signal  before  he  had  completely 
stopped  his  engine. 

When  the  skip  B  (Fig.  439),  ascending  the  incline  shaft  A, 
reached  the  point  C,  its  rear  wheels  were  caught  iip  by  a  special 
broad  road  D,  the  gauge  of  which  was  wide  enough  to  let  the 
front  wheels   pass   through.      Whilst  the   front  wheels   were 
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travelling  on  the  raiU  E,  the  rear  wheels  continuei]  to  mount, 
and  consequently  the  skip  turned  over  and  discharged  its  con- 
tents into  the  bin  F.  H  shows  a  waggon  waiting  to  be  filled, 
and  O  a  counterpoise  to  the  discharge  door. 

On  lowering  the  rope,  tht)  skip  fell  back  into  its  original 
pofiitton  and  descended  the  shaft.  The  inclination  of  the  shaft 
is  56°  ao'  from  the  horizontal.  The  skip-ways  are  5  feet  wide 
and  4^  feet  high,  aud  the  gauge  of  the  railway  is  3  feet  11 
inches.  There  are  two  tracks,  which  converge  at  the  bottom 
into  one,  so  that  both  skips  could  be  filled  from  the  same  shoot. 

Fio,  469.  KiB.  470, 


A  skip  hold»  64  cubic  feet,  or  4  loads,  weighing  in  all  2  tons  17 
cwts.,  or  2903  kilos. 

A  recorded  single  day's  work,  in  two  shifts  of  lo  to  lo.J  hours 
each,  was  6331  loads,  or  4444  tons.  The  depth  of  the  shaft  is 
840  feet  along  the  incline,  or  700  vertical ;  the  speed  in  the 
shaft  was  840  feet  in  30  seconds,  and  the  time  occupied  in 
tipping  and  reversing  about  6  seconds.  This  rato  of  working 
has  been  carried  on  for  an  hour  at  a  time,  5  skips  being  dis- 
charged every  three  minutes — that  is  to  say,  385  statute  tons 
per  hour. 

Fig.  469  shows  the  details  of  the  double-lipped  mouth  of  the 
shoot  at  the  bottom  of  the  great  bin  (F,  Fig.  439),  which  received 
the  blue  ground  brought  up  from  underground.    The  door  A  is 
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controlled  by  the  cam  worked  by  the  lever  B,  and  the  door  C 
is  upon  the  same  axis  as  the  lever  D.      The  discharge  was  thus 

Fig.  472. 


easily  regulated,  and  waggons  could  be  filled  with  great  rapidity. 
The  arrangement  for  inclines  shown  in  Figs.  470  and  471 
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differs  slightly  from  that  formerly  adopted  at  De  Beers.  A 
waggon  A,  running  upon  four  wheels  B,  is  drawn  up  by  the  bow 
F,  and  the  rope  J.  The  bow  is  attached  to  the  axles  of  the  hind 
wheels,  and  in  front  it  carries  the  door  I  of  the  waggon.  K 
represents  the  railway  at  the  top  of  the  incline,  and  P  an 
additional  outer  line  of  rails  at  a  steeper  angle.  When  the 
waggon  in  its  upward  course 
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reaches  the  point  L,  the  rails 
P  pick  up  the  small  outer 
wheels  C  on  the  rear  axle. 
These  travel  up  at  the  steeper 
angle  whilst  the  front  wheels 
follow  the  rails  K.  Conse- 
quently, the  waggon  is  tilted, 
and,  as  the  front  end  or  door 
is  attached  to  the  bow,  the 
contents  are  shot  out.  The 
stud  G  keeps  the  waggon  in 
position  if  it  is  drawn  up  too 
far.  On  lowering  the  rope, 
the  waggon  rights  itself  and 
descends  properly. 

Automatic  tipping,  or  dump- 
ing, is  also  possible  in  perpen- 
dicular shafts.  The  "Rock" 
shaft  at  De  Beers  is  20  feet  by 
6  feet,  divided  into  four  com- 
partments which  are  each  4 
feet  4  inches  by  6  feet  within 
the  timber :  one  for  the  pumps 
and  ladder-way,  another  for  a 
cage,  and  two  for  the  skips. 

Figs.  438,  472  and  473* 
represent  the  arrangements 
adopted.  A  is  the  skip,  a 
box  of  rectangular  section,  5 
feet  by  3  feet  at  the  top 
and  6  feet  deep ;  B,  frame 
which  clasps  the  wooden 
guide  on  three  sides ;  0,  hinge  by  which  the  skip  is  attached  to 
the  frame ;  D^  hooked  bar  (a  device  which  has  proved  unsatis- 
factory, and  has  been  abandoned),  which  catches  upon  the  pin 
E ;  F,  guide  which  presses  the  little  roller  D^  and  so  unhooks 
the  catch ;  G,  roller  which  travels  along  the  guide-rails  H  for 
causing  the  tipping  ;  I,  nose  upon  the  skip,  which  is  temporarily 
caught  upon  the  roller  J  during  the  tipping  ;  K,  inclined  guide 
for  the  roller  G ;  L,  cross-piece  attached  firmly  to  the  side-frames 

*  The  makers,  the  Grange  Iron  Co.,  Ltd.,  Durham,  supplied  the  drawings. 
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B,  with  &  hole  M,  through  which  slides  the  stroDg  square  bar  N  ; 
O,  toothed  segments  formiag  the  safety  catches ;  F,  plate 
attached  by  chains  to  the  axles  of  the  catches ;  Q,  Ormerod's 
detaching  link  which  is  caused  to  come  into  action  by  a  bell- 
mouthed  cylinder ;  B,  shackle  which  is  released ;  S,  rope- 
socket  ;  T,  wire  rope ;  V,  chain-pulley  of  safety  catch ;  W, 
strong  spring,  like  a  huge  watch-spring.  The  safety  catches 
are  no  longer  used,  the  wooden  guides  having  been  replaced 
by  steel  guidea 

After  this  explanation  of  the  ports,  the  manner  in  which  the 
tipping  or  dumping  is  performed  will  be  «asily  understood.  As 
long  as  the  hook  D  is  horizontal,  the  skip  is  prevented  from 


Fio.  474.      Fig.  476. 
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falling  forwards,  but  on  arriving  at  the  top  of  the  shaft,  its 
roller  D>  is  drawn  up  against  the  guide  F  and  the  catch  is 
released.  By  this  time  the  roller  G  has  reached  the  guide-rails 
H,  and  whilst  the  frame  B  follows  a  vertical  path  upwards,  the 
box  itself,  held  back  by  G,  turns  upon  the  hinge  C  until  it 
asaumea  the  position  shown  by  the  dotted  lines,  with  the  nose  I 
resting  upon  the  roller  J.  As  the  frame  ascends,  still  further, 
the  roller  G  is  drawn  up  along  the  inclined  guide  K,,  the  bottom 
of  the  box  is  tilted  up,  and  its  contents  are  discharged  into  the 
bin  or  hopper.  On  lowering  the  rope  the  frame  descends,  the 
skip  drops  back  into  its  original  normiil  position  and  is  clamped 
automatically  by  the  bar  1). 

A  self-discharging  skip,  suitable  for  vertical,  inclined,  or 
crooked  shafts,  is  tluit  of  Messrs.  Kitto,  Paul,  and  Nancarrow, 
used  at  Frongoch  mine  in  Cardiganshire  (Figs.  474  to  47S). 
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The  skip  is  the  usual  box  A,  made  of  sheet-iron  or  sheet-steel, 
with  four  wheels  B  B,  running  on  the  vertical  wooden  conductor 
H  H,  and  prevented  from  leaving  them  by  the  back  guide  D 
(Figs.  475  ^^^  477)  ^*  ^^  near  the  bottom. 

The  bow  or  loop  E,  instead  of  being  attached  to  the  top  of  the 
skip,  reaches  down,  and  takes  hold  of  the  axles  of  the  bottom 
wheels ;  in  its  usual  position  (Fig.  476)  it  rests  against  the  axles 
of  the  upper  wheels,  and  holds  the  skip  upright. 

At  the  surface,  each  of  the  two  ordinary  conductors  bends 
round  and  terminates  in  a  horizontal  piece,  as  shown  in  Fig.  478, 
whilst  a  front  guide  H'  is  added  on  each  side. 

When  the  skip  comes  up,  these  front  guides  press  upon  the 
top  wheels,  and  turn  them  on  to  the  flat  ends  of  the  ordinary 
conductors.  Deep  grooves  cut  in  the  conductors  at  I  enable  the 
back  guides  D  to  pass  through,  and  as  the  rope  continues  to  be 
drawn  up  the  bottom  end  of  the  skip  is  raised  and  its  contents 
are  tipped  or  "  dumped  "  into  a  large  bin  or  pass,  from  which  the 
ore  can  be  drawn  away  at  pleasure.  If  the  engineman  does  not 
stop  quite  soon  enough,  the  skip  is  simply  drawn  up  a  little  way, 
resting  upon  the  front  guide,  and  the  stop  or  stud  F  prevents  it 
from  assuming  a  wrong  position. 

As  soon  as  the  engineman  begins  to  lower,  the  top  wheels 
fall  upon  the  flat  ends  of  the  conductors,  and,  turning  upon  them, 
the  tail  end  of  the  skip  drops,  the  back  guide  passes  through  the 
slot  I,  and  the  skip,  resuming  its  upright  position,  descends  the 
shaft. 

The  great  advantage  of  this  and  other  self-tipping  arrange- 
ments is  the  saving  of  time  and  labour.  The  time  occupied  in 
lowering  an  ordinary  skip  on  to  the  shaft-door,  in  knocking  up  a 
bolt  so  as  to  discharge  its  contents,  in  closing  it  again,  and  in 
raising  the  skip  so  that  the  shaft-door  may  be  thrown  back,  is 
all  saved,  and  the  services  of  the  lander  are  dispensed  with. 

(c)  Cagre.— The  system  of  winding  adopted  almost  universally 
at  collieries  is  that  of  using  cages  ;  this  method  is  likewise  very 
general  in  mining  seams  of  ore,  and  is  not  uncommon  in  the  case 
of  veins  and  masses. 

The  cage,  as  its  name  implies,  is  a  more  or  less  open  receptacle, 
which  receives  the  waggon  used  for  underground  transport,  and 
conveys  it  to  the  surface. 

Figs.  479  and  480  represent  the  light  and  simple  cage  used  in 
the  mines  on  the  Comstock  lode :  it  is  a  mere  timber  platform 
5  feet  by  4  feet,  resting  on  iron  bars  p^  and  supported  by  iron 
rods  on  each  side.  It  is  provided  with  a  sheet-iron  bonnet  to 
protect  the  men  inside  from  anything  falling  down  the  shaft, 
and  also  with  safety  catches,  which  come  into  play  if  the  rope 
breaks. 

The  hand  levers  A;  A;  at  the  ends  of  the  cage  raise  up  blocks, 
which  keep  the  tram-waggon  in  its  place  during  the  ascent  or 
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descent ;  g  g  are  the  gaides  for  the  ends  of  the  cross-bar  b ; 
e,  the  bar  workiag  the  teeth  tthy  levers ;  /,  ehoe  or  ear  embracing 
the  guide-rod,  or  conductor,  in  the  shaft ;  r,  the  lifting  bar  ;  «,  a 
BtroDg  apricig  which  comes  into  operation  if  the  rope  breaks. 

This  kiod  of  cage  looks  somewhat  bare,  and  it  is  usual,  in 
Europe,  to  make  the  sides  less  open  than  shown  in  Fig.  480. 

The  dimensions  of  the  cage  are  limited  by  the  size  of  the 
shaft ;  but  where  it  is  desired  to  raise  a  larger  quantity  of 
mineral  than  can  be  contained  in  one  waggon,  of  in  two  placed 
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side  by  side,  the  carrying  capacity  may  be  increased  by  con- 
structing the  cage  with  two  or  more  platforms,  technically  called 
defies.  Gages  are  sometimes  seen  with  as  many  as  twelve 
decks. 

As  a  rule,  the  full  waggon  is  drawn  out  of  the  cage  at  the  top 
of  the  shaft,  and  is  trammed  to  some  convenient  place  where  it 
is  tipped  ;  of  Inte  years  the  ingenuity  of  American  inventors  has 
led  them  to  introduce  methods  of  tipping  the  waggon  automati- 
cally on  reaching  the  surface,  without  its  leaving  the  cage,  in 
order  to  save  time  in  winding.  Russell  and  Parson's  automatic 
dumping  cage,  which  is  doing  good  work  in  the  United  States, 
has  its  platform  movable  upon  an  axle  underneath,  which  allows 
it  to  be  tilted  on  one  aide  or  the  other.     The  cage  has  the  usual 


shoes  at  the  top  and  bottom,  which  cover  c^  inches  of  the 
wooden  guides  or  conductors ;  the  tiltiug  platform  has  ite  owd 
two  separate  shoes,  which  clasp  ooly  21  inches  of  the  guides. 
Whilst  the  cage  U  in  the  shaft,  the  platform  is  held  in  a  hori- 
zontal position  by  it«  shoes  running  upon  the  guides.  At  the 
surface  the  wooden  conductors  are  cut  away  for  a  depth  of  ij 
inches,  so  that,  although  the  cage  itself  is  guided,  the  small  shoes 
are  free  to  move  sideways  and  permit  the  tilting,  when  the 
platform  touches  a  properly  arranged  stop.  The  flap-door  of  the 
waggon  is  released  automatically  at  the  same  time,  and  the 
mineral  Is  shot  out  into  a  large  bin  at  the  pit  top. 

4.  OTHZn  APPLIANCES.— Eeps :  On  arriving  at  the  surface 
the  cage   is  usually 


lifted  a  little  higher 
than  the  landing 
platform,  and  sup- 
ports of  some  kind 
{tepg)  are  brought 
underneath  it,  so  as 
to  hold  it  up  while 
the  full  waggon  is 
drawn  off  and  an 
empty  waggon 
pushed  on.  The 
cage  is  then  slightly 
raised,  the  supports 
{l(ep»)  are  drawn  back 
by  &  leyer,  and  the 
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Several  methods 
of  ximplifying  the 
work  have  been 
devised,  and  among 
them  is  that  of 
Messrs.  Hani  el  and 
Lueg,  which  has  been 
found  to  act  satisfac- 
torily at  the  Mans- 
feld  copper  minen. 

The  kep  a,  which 
is  made  of  8teel(Figs. 
481  to  483),  has  an 
inclined  face  h,  and 
ia  provided  with  two 

slots,  one  horizontal  and  the  other,  d,  inclined.  The  former  acts 
as  a  guide  to  the  block  e,  which  is  loose  upon  the  axle/;  /is 
supported  by  the  bearing  p.  The  pin  i',  surrounde<1  by  a  steel 
roller  ^,  can  slide  in  the  slott/;  it  connects  the  two  levers  k, 
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one  on  each  side  of  the  kep  a,  which  are  keyed  to  the  axle  /. 
These  are  kept  in  a  horizontal  position  by  a  lever  m  provided 
with  a  spring  catch.  The  steel  shoes  I Z,  attached  to  the  bottom 
of  the  frame  of  the  cage,  will,  if  desired,  rest  upon  the  inclined 
faces  &  5  of  the  keps.  As  long  as  the  lever  m  is  held  in  the 
position  shown  in  Fig.  481,  the  keps  cannot  open  under  the 
pressure  of  the  load,  because  the  pin  i  prevents  any  motion  in 
a  horizontal  direction. 

When  the  lever  m  is  being  drawn  back,  as  shown  by  Fig.  482, 
the  pin  t  with  its  roller  h  is  forced  up  the  slot,  and  the  keps  slide 
back  on  the  bed-plate  of  the  bearing  ,7,  until  the  cage  has  room 
enough  to  pass  ;  when  it  has  gone  down,  the  keps  are  returned 
to  their  original  position  (Fig.  481)  by  moving  the  lever  m 
forwards. 

The  ascending  cage  opens  the  keps  by  itself,  for  the  shoes  1 1 
turn  them  upwards  (Fig.  483),  the  lower  part  of  the  slot  d  being 
concentric  to  the  spindle/.  As  soon  as  the  cage  has  passed^ 
they  fall  back  into  their  normal  position  (Fig.  481),  and  the 
cage  is  lowered  so  as  to  rest  upon  them. 

The  advantage  claimed  for  keps  of  this  kind  are :  Economy  of 
steam  and  saving  of  time,  besides  the  increased  duration  of  the 
rope,  which  no  longer  has  to  undergo  the  strain  of  starting  the 
cage  upwards  before  it  begins  its  downward  journey. 

BignalB.— It  is  necessary  to  have  some  means  of  communi- 
cation between  the  various  on-setting  places  and  the  top  of  the 
shaft,  so  that  the  man  at  the  bottom  (on-settei-,  hooker-on)  may  be 
able  to  inform  the  man  at  the  top  {banksman,  lander^  or  engine- 
man),  when  he  is  ready  for  the  cage,  skip,  or  kibble  to  be  drawn  up. 

In  shallow  workings  shouting  is  sufficient ;  when  the  pit  be- 
comes deeper  a  speaking-tube  is  sometimes  put  in,  but  the 
commonest  method  of  signalling  is  by  a  cord  made  of  seven 
galvanised  wires,  and  varying  in  diameter  from  ^  to  |  inch. 
The  object  of  the  zinc  coating  on  the  wire  is  of  course  to  prevent 
or  delay  rusting,  which  would  otherwise  go  on  rapidly  in  the 
damp  atmosphere  of  many  shafts. 

The  cord  is  caiTied  round  curves  and  corners  by  means  of 
cranks  similar  to  those  used  for  house-bells,  only  larger  and 
stronger,  and  when  it  is  pulled  by  a  lever  at  the  bottom,  it 
moves  a  hammer  which  strikes  a  bell  at  the  surface.  Instead 
of  a  bell,  a  loose  plate  of  iron  is  sometimes  used,  which  makes  a 
very  audible  signal ;  the  number  of  strokes  indicates  what  is 
required.     The  usual  code  is  as  follows : — 

1  stroke  means  •'  Stop." 

2  strokes  mean  '•  Wind  up." 

3  „  „      "Lower." 

Various  signals  can  be  arranged  to  indicate  when  men  are  to  be 
drawn  up  in  place  of  the  ordinary  load  of  mineral ;  and  some- 
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times  a  visible  signal  is  combined  with  an  audible  one,  a  hand 
upon  a  dial  recording  the  number  of  times  the  bell  has  been 
sounded.  When  persons  are  raised  and  lowered,  there  must 
also  be  means  of  fiignalling  from  the  surface  to  the  on-setting 
places ;  the  object  is  to  assure  the  men  at  the  bottom  that  their 
signal  has  been  correctly  received  and  understood. 

Electricity  can  also  be  called  to  the  aid  of  the  miner,  and 
electric  bells  are  common.  Telephones  *  of  various  descriptions 
are  sometimes  used,  but  for  the  ordinary  purposes  of  winding, 
the  simple  signal  given  by  a  bell  is  quite  sufficient. 

In  addition  to  the  signal  for  starting  and  stopping,  there  is 
an  indicator  which  shows  the  engineman  the  exact  position  of 
the  load  in  the  shaft. 

The  indicator  may  be  a  dial  with  a  hand,  worked  by  gearing 
connected  with  the  crank-shaft  of  the  winding-engine ;  the 
various  stopping-places  are  denoted  in  the  same  way  as  the  hours 
on  the  face  of  a  clock,  the  gearing  being  arranged  so  that  the 
hand  does  not  travel  more  than  the  entire  circumference  during 
the  longest  journey  of  the  load. 

Another  form  of  indicator  is  an  upright  standard,  6  or  8  feet 
in  height,  with  a  slot,  in  which  a  pointer  moves  up  and  down. 
It  is  worked  by  a  cord,  or  a  steel  band  connected  to  the  crank- 
shaft. The  standard  has  horizontal  lines,  numbered  according 
to  the  depths  of  the  different  stopping-places ;  the  gearing  is 
contrived  so  that  when  the  finger  points  to  one  of  these  lines, 
the  cage  is  at  the  corresponding  stopping-place. 

The  arrival  of  the  load  near  the  surface  may  be  brought  to 
the  engineman's  notice  in  several  ways :  by  a  mark  on  the  rope, 
by  the  pointer  on  the  indicator,  or  by  some  audible  signal, 
worked  automatically  by  the  winding-engine.  A  travelling 
hammer  may  be  carried  along  by  a  screw  connected  by  gearing 
with  the  crank- shaft,  and  eventually  brought  up  against  a  bell ; 
it  works  in  the  same  manner  as  the  device  upon  typewriters 
which  warns  the  operator  that  he  is  coming  to  the  end  of  a  line. 
Instead  of  striking  a  bell,  the  traveller  may  open  a  cock  and 
start  a  steam  whis&e. 

5.  SAFETY  APFLIAKCES.— Overwinding :  In  rapid  wind- 
ing with  large  drums,  a  slight  inadvertence  on  the  part  of  the 
engineman  may  cause  the  load  to  be  drawn  up  against  the 
pulley,  and  this  is  what  is  commonly  known  as  over-windifuf. 
In  bhe  case  of  a  drum  18  feet  in  diameter,  a  single  revolution 
raises  the  rope  56^  feet ;  therefore,  if  even  half  a  revolution  is 
allowed  beyond  the  proper  number,  an  accident  will  ensue, 
unless  the  pulley  frame  gives  a  margin  of  nearly  30  feet. 

*  The  first  time  the  telephone  was  used  for  transmitting  speech  from 
underground  workiof^s  of  a  mine  was  in  September  1877,  when  Mr.  Arthur 
Le  Neve  Foster  made  some  experiments  at  West  Wheal  Eliza,  in  Corn- 
wall. 
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There  are  various  contrivances  for  preventing  disasters  of  this 
kind ;  one  method  consists  in  interposing  between  the  rope  and 
the  cage  a  special  appliance,  called  a  detaching  hook,  which  will 
sever  the  connection  between  them,  allow  the  former  to  be 
wound  up,  and  at  the  same  time  hold  up  the  latter  safely  without 
damage  to  the  load  or  persons  inside. 

Some  well-known  detaching  hooks  are  those  of  King  and 
Humble,  Walker,  and  Ormerod. 

King  and  Humble's  consists  of  an  outer  framework  of  two 
cheeks  or  sides,  containing  two  inner  plates  which  can  move 
about  a  central  bolt  b  (Fig.  484).  Each  plate  has  a  wing  a,  pro- 
jecting beyond  the  framework.  When  in  use  the  two  plates  are 
prevented  from  coming  apart  by  a  small  pin  or  rivet,  e. 


Fio.  484. 


Fig.  485. 


If  the  cage  attached  to  e  is  wound  beyond  a  certain  height, 
the  detaching  hook  is  drawn  into  a  round  hole  in  a  strong  iron 
plate  (Fig.  485),  and  when  the  projecting  wings  a  a  strike 
against  this  plate,  they  are  forced  to  move  inwards,  the  rivet  is 
cut,  the  shackle  d  at  the  end  of  the  rope  is  set  free,  and  two 
catches  //  are  thrown  out ;  these  drop  upon  the  plate  and  hold 
the  cage  firmly  suspended. 

Walker's  detaching  and  suspending  hook  is  like  a  pair  of 
tongs,  which  hold  the  shackle  at  the  end  of  the  rope ;  the  legs 
of  the  tongs  are  bent  out,  and  if  they  are  brought  together  the 
tongs  open. 

In  Figs.  486,  487,  and  488,  L  is  the  end  of  the  winding  rope, 
and  A  the  shackle  attached  to  it  by  the  pin  P.  D  D  are  the 
two  jaws  of  the  tongs,  and  F  F  are  projecting  hooks.  E  is  the 
centre  pin  about  which  the  jaws  can  move,  and  H  an  annular 
clamp  which  prevents  the  jaws  from  opening,  as  long  as  it  is 
kept  up  by  the  two  supporting  pins  I  I,     The  cage  or  skip  is 
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hung  on  to  the  link  B,  and  the  weight  of  the  load  acting  upon 
the  two  legs  of  ttie  tonga  tends  to  bring  them  together  and  open 
the  jaws  D  D. 

When  winding  is  going  on  properly,  the  jaws  are  kept  together 
by  the  clamp,  and  the  load  remains  firmly  attached  to  the  rope  ; 
but  if  it  is  raised  too  high  the  detaching  hook  enters  the  strong 
ring  G,  through  which  it  can  pass  freely  until  the  flanges  K  K. 

Fig.  487. 


of  the  clamp  H  strike  against  it.     The  pins  I  I  are  sheared  off 

and  the  clamp  drops  ;  but  as  soon  aa  the  hooka  F  F  have  passed 
through  the  ring,  the  jaws  T)  D  are  drawn  open  by  the  weight 
of  the  load,  the  shackle  is  thus  released  and  the  hooks  catch  on 
the  top  of  the  ring  C.  Aa  an  additional  precaution  there  is  a 
projecting  rim  at  0,  to  catch  the  hooks  if  by  some  chance  they 
should  fail  to  act  at  the  top. 

Stopping  Oear — The  disengaging  appliances  just  described 
are  designed  with  a  view  of  correcting  the  effects  of  an  over- 
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wind,  by  preventing  the  aMending  cage  from  being  dashed 
agninRt  the  pulley,  and  then  possibly  falling  down  the  shaft. 
But  they  in  no  way  protect  the  descending  cage  from  bumping 
on  the  bottom  ;  even  if  they  did,  the  old  jnotto  still  holds  good 
that  "prevention  is  better 
Vin    tXR.  than     cure,"    especially    as 

detaching  hooka  have  been 
known  to  fail. 

Many  engineers,  especially 
on  the  Continent,  have  there- 
fore endeavoured  to  obtain 
some  speed-checking  appli- 
ance, and  many  ingenious 
devices  for  this  purpose  have 
been  invented.  Among  these 
may  be  mentioned  the  auto- 
matic speed -checkers  and 
stopping-gears  of  Keumaux, 
Villiera,  Wtry,  Bertram  and 
Cohbold,  and  Paschke  and 
Kastner.  Keumaux  lays 
down  the  principle  that  too 
much  confidence  must  not 
be  placed  in  an  appliance 
which  is  only  occasionally 
called  into  action  ;  and  his 
self  ■  acting  speed  -  checker 
comes  into  play  at  every  wind. 
When  the  cage  in  its  ascent 
paBHes  a  point  30  m.  below 
the  surface,  a  tappet  upon 
the  revolving  indicator  lifts 
a  valve,  and  so  puts  one 
end  of  a  piston  valve  into 
communication  with  the 
atmosphere ;  as  steam  or 
compressed  air  is  press- 
ing upon  the  other  end, 
the  valve  moves  and  shuts 
off  steam  from  the  engine 
almost  completely.  The 
same  release  of  pressure  causes  another  valve  to  rise  aoil 
let  steam  into  the  cylinder  working  the  brake.  If  the 
engineman,  after  turning  on  steam  again,  is  again  inatten  ■ 
tive  and  allows  the  cage  to  be  drawn  up  3  feet  above  the  landing, 
a  second  tappet  upon  the  indicator  once  more  causes  the  steam 
to  be  shut  off;  and  a  third  tappet,  bv  opening  an  exhaust 
passage,  makes   another   valve   drop   and   turn    steam    on    to 
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the  cylinder  controlling  the  brake.  Beumaux's  appliance  is 
attached  to  all  the  winding  machines  used  at  the  extensive  Lens 
collieries,  whether  they  are  worked  by  steam  or  compressed  air. 

Yilliers'  apparatus  is  somewhat  complicated,  and  cannot  be 
properly  understood  without  a  figure.  Suffice  it  to  say,  that  a 
nut  travelling  upon  a  screw  sets  gearing  in  motion  and  so 
actuates  a  friction  clutch ;  this  brings  into  play  a  regulator 
which  opens  a  valve  and  lets  out  the  compressed  air  from  under 
a  piston  holding  up  a  weight.  The  weight  in  dropping  shuts 
off  steam  and  puts  on  the  brake.  A  second  part  of  the 
apparatus,  working  in  a  ditferent  manner,  produces  like  effects  ; 
and,  lastly,  if  the  cage  is  wound  up  a  certain  distance  above  the 
landing,  it  strikes  a  catch  which  releases  another  counterpoise, 
the  descent  of  which  also  causes  the  brake  to  act. 

With  W(5ry*s  contrivance  the  connection  between  the  wind- 
ing drum  and  the  checking  apparatus  is  again  effected  by 
gearing  and  levers  instead  of  fluid  pressure.  When  the  cage 
has  reached  a  cerbiin  point  near  the  surface,  a  nut  travelling 
upon  a  screw  lifts  a  rod  carrying  a  pawl,  which  rests  upon  the 
teeth  of  a  wheel  turning  round  like  clockwork.  If  the  pawl 
rises  more  quickly  than  the  wheel  revolves,  it  lifts  it,  and  by 
means  of  levers  brings  the  steam-brake  into  action ;  the  speed 
of  winding  is  thus  diminished.  The  clockwork  is  so  regulated 
that  the  brake  is  not  made  to  act  unless  the  speed  is  excessive. 
To  prevent  danger  from  a  slow  overwind,  a  second  rod  acts  in 
any  case  and  turns  steam  on  to  the  brake  cylinder  if  the  cage 
is  drawn  up  too  high. 

Bertram  and  Cobbold  have  invented  automatic  stopping 
appliances  which  depend  upon  the  action  of  a  ball  governor, 
connected  by  gearing  with  the  main  driving  shaft  of  the  winding 
drum. 

Faschke  and  Kastner's  apparatus,  used  in  the  Freiberg  dis- 
trict, is  spoken  of  favourably.  It  automatically  shuts  off  steam 
and  puts  on  the  brake,  not  only  when  the  cage  is  being  drawn 
up  too  high,  but  also  when  the  speed  is  excessive. 

Safety  Catches. — Much  ingenuity  has  been  displayed  by 
various  inventors  during  the  last  fifty  years  with  the  object  of 
providing  some  form  of  catch  which  will  come  into  play  if  the 
rope  breaks,  giip  the  guides  or  conductors,  and  prevent  the 
cage  or  skip  from  falling  down  the  shaft. 

Many  of  them  are  actuated  by  a  spring,  and  one  form  has 
already  been  figured  in  describing  the  cage  used  on  the  Comstock 
lode  (Figs.  479  and  480). 

While  the  load  is  hanging  from  the  rope,  the  spring  8  8  is 
drawn  into  the  position  shown  by  the  dotted  lines  by  the  lifting 
bar  7',  the  eye  of  which  is  figured  in  its  two  positions.  The  bar 
c  is  drawn  up  at  the  same  time,  and  the  teeth  1 1  are  held  apart 
and  kept  clear  of  the  guide.     If  the  rope  breaks,  the   spring 
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forces  down  the  bar  b  and  with  it  c ;  the  teeth  jam  into  the 
wooden  conductor,  and  the  cage  is  arrested  and  held  firmly. 

The  safety  catch  used  for  the  De  Beers  skip  (Fig.  472) 
likewise  depends  upon  the  action  of  springs. 

An  objection  often  urged  against  safety  catches  is  that  they 
occasionally  come  into  play  when  not  wanted,  and  that  owing 
to  rust  and  disuse  they  get  out  of  order,  and  sometimes  fail  to 
act  at  the  proper  moment;  for  these  reasons  they  are  less 
popular  in  Great  Britain  than  on  the  Continent.  Many 
engineers,  rather  than  trust  to  contrivances  which  may  possibly 
fail  under  the  conditions  met  with  in  mines,  are  more  inclined 
to  put  their  faith  in  the  following  precautions : — 

1.  Ensuring  an  excellent  quality  of  rope,  by  going  to  a  maker  of 

good  repute  and  paying  a  fair  price. 

2.  Frequent  minute  examination  of  the  rope. 

3.  Testing  pieces  of  the  rope  at  regular  intervals. 

4.  Protection  of  the  rope  from  the  action  of  the  atmosphere  or 

acidulous  water  in  the  mine  by  a  suitable  grease. 

5.  Cutting  off  the  end  of  the  rope  where  it  is  attached  to  the  cage 

and  re-making  the  attachment  at  regular  intervals. 

6.  Discarding  'the  rope  after  it  has  been  in  use  for  a  certain  fixed 

time,  even  if  it  is  apparently  sound  as  far  as  outward  ex- 
amination can  show. 

The  same  feeling  seems  to  have  existed  in  1886  among  the  mem- 
bers of  the  Royal  Commission  upon  Accidents  in  Mines,  for  they 
say,  "  VVe  have,  however,  examined  several  varieties  of  the  safety- 
catches  in  use  as  well  as  those  exhibited  at  successive  International 
Exhibitions,  and  we  have  considered  a  large  number  recently 
described  and  figured  in  an  elaborate  paper  by  Selbach,  and  we 
are  unable  to  come  to  the  conclusion  that  any  one  of  them  is  a 
trustworthy  safeguard  against  accidents."  This  opinion  does 
not  settle  the  question ;  for,  on  the  other  hand,  reference  may 
be  made  to  the  conclusions  which  Menzel  draws  from  the  study 
of  carefully  prepared  official  statistics.  Though  far  from  assert- 
ing that  existing  safety  catches  are  perfect,  he  shows  that  on 
the  whole  they  did  useful  work  during  the  seven  years  1 884— 
1890  in  the  coal  and  ore  mines  of  Saxony,  and  he  considers  that 
they  should  be  applied  to  all  cages  used  for  winding  men. 

Springs. — The  rope  suffers  the  greatest  strain  at  the  com- 
mencement of  the  ascent  of  the  cage.  There  is  always  a  little 
slack  rope,  which  is  taken  up  as  the  winding  begins,  and  this 
leads  to  the  danger  of  a  sudden  strain  being  put  upon  the  rope 
every  time  that  it  begins  to  lift  the  cage,  especially  in  cases 
where  winding  is  being  carried  on  rapidly.  In  order  to  spare 
the  rope  from  a  shock  of  this  kind  and  cause  it  to  take  the 
weight  gradually,  a  steel  or  india-rubber  spring  may  be  inter- 
posed between  the  cage  and  the  rope,  arranged  in  such  a  fashion 
that  the  first  action  of  the  pull  is  merely  to  compress  it ;  finally, 
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when  the  compression  has  reached  a  certain  stage  the  cage  will 
be  lifted.  The  bearings  of  winding  pulleys  are  sometimes 
supported  by  springs  with  a  similar  object  in  view. 

Testing  Bopes. — The  Commentry  Fourchambault  Mining 
Company  keep  a  useful  record  of  the  state  of  their  winding 
ropes  by  testing  them  at  regular  intervals.  Once  in  every  six 
months  a  piece  of  rope  about  9  feet  long  is  cut  off  and  sent  to 
a  powerful  testing  machine,  called  the  antheximeter,  capable  of 
breaking  a  new  wire  rope  more  than  2  inches  in  diameter. 
The  machine  registers  upon  paper  not  only  the  force  required 
to  break  the  rope,  but  also  its  elongation  previous  to  rupture. 
By  comparing  the  results  obtained  in  this  way^  the  gradual 
deterioration  of  the  rope  from  wear  can  be  followed  with  great 
precision. 

In  Germany  accurate  statistics  of  winding-ropes  are  kept. 
In  the  mines  of  the  Dortmund  district,  no  winding-rope  can  be 
used  for  raising  and  lowering  men  until  it  has  been  carefully 
tested  in  a  manner  prescribed  by  the  Government  authorities. 
A  piece  of  the  rope  one  metre  in  length  is  cut  off,  and  the 
tensile  strength  and  the  flexibility  of  each  wire  are  determined, 
with  the  exception  of  wires  forming  corea 

Endless  Bope  Hoists. — In  the  Koepe  system  an  endless 
rope  with  two  attached  cages  is  driven  alternately  in  opposite 
directions  by  a  grooved  pulley.  The  rope  runs  up  from  one 
cage  over  a  pulley  on  the  pit-head  frame  to  the  driving  pulley, 
round  which  it  makes  rather  more  than  half  a  turn ;  it  then  returns 
over  the  other  pit-head  pulley  down  to  the  second  cage  ;  then  it 
passes  down  the  shaft,  makes  a  loop  at  the  bottom,  and  Anally 
returns  to  the  first  cage.  For  deep  shafts  this  arrangement 
has  the  merit  that  the  load  on  the  engine  is  uniform  during  a 
wind,  and,  further,  the  winding  drum,  which  would  for  deep 
winding  necessarily  be  heavy,  cumbrous,  and  expensive,  is 
superseded  by  a  comparatively  light  pulley.  On  the  other 
hand,  there  is  the  drawback  that  the  friction  between  the  rope 
and  the  groove  of  the  pulley  is  not  invariably  sufficient  to 
prevent  slip,  and  one  consequence  (inter  alia)  is  that  the  read- 
ing of  the  indicator  is  not  always  to  be  relied  on  for  showing 
the  true  position  of  the  cages  in  the  shaft. 

The  Whiting  hoist,  adopted  for  the  4900  feet  deep  Red 
Jacket  shaft  of  the  Calumet  and  Hecla  copper  mine.  Lake 
Superior,  at  the  Kimberley  diamond  mine,  and  at  many  of 
the  gold  mines  of  the  Witwatersrand,  furnishes  a  still  closer 
analogy  in  its  driving  and  rope-adjusting  devices  with  a  variety 
of  endless  rope  haulage. 

The  rope  a  (Fig.  489)  from  one  of  the  cages  passes  over  one  of 
the  head-gear  pulleys  h  down  to  the  two  grooved  driving  pulleys 
c  d,  round  which  it  makes,  say,  three  turns  ;  thence  it  goes  into  the 
*'  tail-house/'  passes  round  the  pulley  of  the  tension  carriage  e, 
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thence  under  a  guide  pulley  /,  over  the  other  pit-head  pulley,  and 
so  to  the  second  cage.  The  engine  g  drives  the  two  pulleys  c  d, 
which  are  connected  by  a  pair  of  coupling  rods  like  the  driving 
wheels  of  a  locomotive.  The  pulley  c  is  set  with  its  axis  at  a 
slight  angle  to  the  horizontal,  so  that  the  rope  may  lead  sti*aight 
to  the  proper  groove  of  the  rear  pulley  d. 

Winding  from  different  depths  is  readily  arranged  for  by 
varying  the  position  of  the  tension  carriage  which  runs  on  a 
track  corresponding  in  length  to  half  the  variation  in  depth  of 
winding.  In  the  sinking  hoist  of  the  Red  Jacket  shaft,  the 
track  is  650  feet  long ;  the  bars  acting  as  rails  have  holes  a 
yard  apart,  at  any  of  which  points  the  tension  carriage  may  be 
cHinped  to  the  track.     The  can-iage  itself  has  a  screw  device  a 


Fig.  489. 
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little  over  3  feet  long,  by  means  of  which  a  finer  adjustment  to 
any  fraction  of  a  yard  can  be  made,  and  the  tightening  pulley 
brought  into  the  exact  position  required.  The  main  hoisting 
machinery  at  the  same  shaft  is  arranged  on  the  same  system. 

The  Whiting  hoist  has  been  in  operation  at  the  City  and 
Suburban  mine  in  the  Transvaal  since  1899,  with  the  following 
results : — Load  of  reef  in  lbs.,  7600  lbs.;  weight  of  skips,  6500 
lbs.;  diameter  hoisting  rope,  i\  inch;  diameter  of  balance 
rope,  i^  inch;  depth  of  shaft,  1450  feet;  running  time  per 
diem,  eleven  hours ;  number  of  skips  hauled  in  eleven  hours, 
200;  tons  hoisted  per  month  (waste  and  milled),  22,700  tons. 
Whiting  hoists  have  also  given  sjitisfaction  at  the  Catlin 
shaft  of  the  Jupiter  Gold  Mining  Company,  in  hoisting  from  a 
vertical  depth  of  3907  feet,  and  at  the  Geldenhuis  Deep  mine 
in  raising  a  load  of  5200  lbs.  up  an  incline  shaft  446  feet  at  an 
angle  of  35  degs.  around  a  bend  whose  radius  is  75  feet  from 
the  incline  to  the  vertical  shaft,  thence  800  feet  on  the  vertical 
to  the  automatic  tipping  arrangement  without  cessation  of  speed. 
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Pneumatic  HoiBting:. — A  unique  hoisting  apparatus  is  that  of 
Blanchet,  which  was  regularly  at  work  in  the  Hottingeur  shaft 
at  Epinac  in  France  for  some  years.  Blanchet  fixed  in  the 
shaft  a  large  pipe  with  a  piston,  from  which  was  suspended  a 
cage  carrying  waggons.  By  exhausting  the  air  above  the  piston 
the  load  was  gradually  forced  up  by  the  atmospheric  pressure 
below  it.  The  Hottingeur  shaft  is  660  yards  deep,  and  the 
pipe  was  5  feet  3  inches  in  diameter,  made  up  of  a  succession  of 
cylinders  of  sheet  iron  about  y^  inch  thick  and  4  feet  4  inches 
high,  joined  by  flanges  and  bolts.  The  485  rings  composing  the 
long  pipe  weighed  altogether  418  tons.  The  cage  had  nine 
decks,  and  arrangements  were  made  for  unloading  three  at  a 
time;  each  waggon  held  half  a  ton,  so  that  the  total  useful 
load  was  4|-  tons.  The  speed  of  hoisting  was  20  feet  per  second. 
If  two  hoisting  pipes  are  connected,  the  dead  weights  may  be 
made  to  balance  each  other,  and  the  power  required  is  simply 
that  which  is  necessary  to  overcome  the  weight  of  the  useful 
load.  All  the  men  preferred  the  pneumatic  hoist  to  the 
ordinary  cage  for  descending  and  ascending  the  mine,  and  were 
regularly  lowered  and  raised  by  it.  The  advantages  claimed 
for  this  system  are  (i)  the  possibility  of  hoisting  from  depths 
at  which  rope- winding  would  no  longer  be  practicable ;  (2) 
getting  rid  of  the  costly  ropes  and  dangers  connected  with 
rope-winding;  (3)  better  utilisation  of  the  engine  power;  (4) 
improvement  of  the  ventilation  and  diminution  of  the  amount 
of  fire-damp.  At  the  present  time  Blanchet's  apparatus  is  no 
longer  employed,  but  the  disuse  of  the  pneumatic  method  is  in 
no  way  due  to  any  difficulty  in  making  it  work  satisfactorily. 
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CHAPTER    IX. 

DRAINAGE. 

Importance  of  Braina^. — The  mineral  having  been  raised 
to  the  surface,  the  task  of  the  miner  mig^ht  appear  to  be  at  an 
end  ;  but  this  is  not  the  case,  for  it  is  further  necessary 
that  he  should  keep  his  mine  free  from  water  and  foul  air. 
These  two  indispensable  operations  of  draining  and  ventilating 
require  special  appliances,  which  often  add  considerably  to  the 
general  cost  of  mining. 

The  great  importance  of  drainage  is  not  always  realised. 
Draining  a  mine  may  often  be  a  more  troublesome  and  more 
costly  operation  than  winding  up  the  mineral.  At  the  Mansf  eld 
copper  mines  in  Prussian  Saxony  the  steam  machinery  em- 
ployed furnishes  11,673  horse-power,  of  which  two-thirds  are 
required  for  pumping.  At  the  Milwr  mine  in  Flintshire  100 
tons  of  water  have  had  to  be  raised  for  every  ton  of  ore  drawn 
to  the  surface.  In  Colorado  40  tons  of  water  are  raised  per  ton 
of  ore ;  and  the  South  Staffordshire  Drainage  Commissioners 
also  pump  40  tons  of  water  for  every  ton  of  mineral  extracted. 

Surface  Water. — As  far  as  possible  the  miner  should  en- 
deavour to  prevent  the  entry  of  water  both  at  the  surface  and 
underground,  and  so  escape  the  unnecessary  expense  of  pumping 
it  up.  In  some  instances  a  good  deal  can  be  done  in  this 
direction ;  for  it  has  been  abundantly  proved,  in  many  cases, 
that  the  bulk  of  the  water  with  which  the  miner  is  burdened 
is  merely  the  result  of  the  percolation  of  the  rain  falling  in  the 
district.  The  effect  even  of  a  prolonged  rainfall  is  not  usually 
felt  at  once,  for  it  takes  time  for  the  water  to  find  its  way 
through  minute  cracks  and  crevices  in  the  ground  and  reach 
the  workings.  In  limestone  districts,  however,  the  rain  may 
find  large  channels  eaten  out  by  atmospheric  agencies,  and 
affect  mines  at  a  depth  of  a  couple  of  hundred  yards  within 
twenty-four  hours  after  it  has  fallen. 

It  often  happens  that  the  mineral  was  quarried  near  the 
surface  before  underground  mining  was  resorted  to,  and  in  that 
case  there  is  always  the  danger  of  the  old  open  pits  forming  a 
sink,  so  to  say,  which  will  collect  water  from  the  neighbourhood 
and  let  a  considerable  quantity  percolate  into  the  workings. 
To  avoid  such  an  objectionable  state  of  things,  the  surface  must 
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be  drained ;  special  care  is  imperative  where  the  ground  is 
ci-acked  by  subsidences,  and  the  neighbouring  streams  should  be 
examined  and  the  water  carried  along  in  launders  or  other 
safer  channels,  if  their  beds  cannot  be  made  stanch  by  filling 
the  fissures  with  concrete. 

In  the  Mansfeld  copper-mining  district,  where  the  strata 
have  been  much  disturbed  by  subsidences  due  to  the  partial 
removal  of  soluble  deposits,  a  connection  between  the  enormous 
influx  of  water  into  the  shafts,  and  the  Oberrobling  Lake 
became  evident,  and  an  exploration  of  the  lake  bottom  in  1892 
showed  the  presence  of  swallow-holes.  The  bold  plan  of  drain- 
ing the  lake  dry  by  centrifugal  pumps  capable  of  raising  4000 
cubic  feet  of  water  per  minute  to  a  height  of  1 2  yards,  was  put 
into  execution  with  successful  results,  and  much  of  the  former 
lake-bottom  is  now  under  cultivation. 

When  working  under  the  sea  or  a  river  a  rich  lode  must  not 
tempt  the  miner  to  carry  on  his  work  too  far.  At  Wheal  Cock, 
near  St.  Just  in  Cornwall,  the  miners  working  in  some  over- 
hand stopes  actually  bored  more  than  one  hole  through  to  the 
sea-bottom.  They  were  well  aware  of  the  proximity  of  the 
ocean,  for  they  could  hear  the  boulders  crashing  against  each 
other  in  stormy  weather,  and  they  had  wooden  plugs  ready, 
which  they  drove  into  the  holes  when  they  actually  tapped  sea 
water.  But  it  was  a  dangerous  experiment,  and  though  in  this 
case  the  rocks  are  so  hard  and  compact  that  the  amount  of 
percolation  is  small,  a  narrow  wall  only  four  feet  thick  between 
the  sea  and  the  workings  cannot  be  left  without  fear  of  trouble 
and  danger  from  water  above. 

Dama. — In  addition  to  preventing  the  access  of  water  from 
the  surface,  it  is  advisable  to  cut  off  underground  inflows  as  far 
as  practicable.  In  the  chapter  upon  supporting  ground,  im- 
permeable linings  of  shafts  and  levels  have  been  described,  and 
where  water  can  be  shut  out  by  tubbing  or  by  coffering,  the 
mine-owner  is  saved  the  constant  expense  of  pumping  ;  indeed, 
he  is  sometimes  thus  enabled  to  work  deposits  which  he  would 
not  be  able  to  reach  if  he  had  to  fight  against  the  enormous 
streams  issuing  from  certain  strata.  Water  from  adjacent 
abandoned  workings  is  shut  out  by  dams — that  is  to  say,  artificial 
stoppings — placed  in  levels  or  shafts.  They  may  be  made  of 
timber,  brickwork,  masonry,  or  concrete,  and,  when  intended  for 
temporary  purposes,  of  iron. 

In  erecting  a  dam  the  first  consideration  is  the  choice  of  a 
suitable  place,  for  it  is  useless  to  take  the  trouble  to  put  in  a 
stanch  stopping  unless  the  ground  is  firm  enough  to  support  it, 
and  free  enough  from  cracks  to  prevent  the  water  behind  it 
from  finding  its  way  round  to  the  front. 

If  the  ground  is  thoroughly  strong,  a  dam  may  be  put  in  by 
cutting  a  recess  in  the  sides  of  the  level,  as  represented  by 
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Fig.  490. 
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Fig.  49c,  and  stopping  the  water  back  by  a  wall  made  of  hori- 
zontal balks  of  timber.  Oak  is  usually  chosen  for  the  purpose. 
Before  the  timber  is  put  in,  the  rock  is  very  carefully  dressed 
until  the  surface  is  perfectly  smooth,  and  ready  to  receive  a 
similar  surface  of  wood.  Each 
balk  is  wedged  up  against  the  side 
just  in  the  same  way  as  a  wedg- 
ing curb,  and  the  joints  between 
the  separate  balks  are  caulked. 

For  heavier  pressures  the 
spherical  dam  is  available  ;  it  is 
constructed  of  wooden  logs  placed 
longitudinally  and  wedged  up 
very  tightly.  A  wooden  dam 
of  this  kind  has  the  advantage 
that  it  will  yield  a  little  if  there 
are  movements  of  the  ground, 

whereas  a  dam  constructed  of  bricks  might  become  cracked  and 
leak  so  badly  as  to  be  almost  useless ;  the  wooden  dam  is  also 
more  easily  repaired.     Oak,  pine,  and  fir  are  all  employed  for 

Fig.  491. 


Fig.  492. 
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making  dams;  the  two  latter  are  sometimes  preferred  to  the 
former,  because  they  are  more  easily  wedged.  The  following 
account  of  a  spherical  dam  (Figs.  491  to  494)  is  based  upon  a 
description  written  by  Gatzschmann. 
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A  nail  it<  fixed  upon  a  cross-piece  in  the  middle  of  the  level, 
about  23  feet  {7  m.)  from  the  proposed  outer  face  of  the  dam, 
am)  the  sides  uf  the  level  are  trimmed  smooth  with  the  greatest 
)  along  planes  which  would  intersect  in  this  point  i 


centre.     Pieces  of  timber  are  cut  ir 

pyi'amids,  the  four  faces  of  which  conv 

with  that  chosen  underground  ;  they  a 

surface,  with  the  horizontal  joints  s 

the  same  great  circles  of  the  spher 

alternating.     When  the  logs  have  been  duly  fitted,  the  work  of 

putting  them  in  is  begun.     Tarred  canvas  is  placed  upon  the 

floor  of  the  level  and  the  first  row  of  pieces  laid  down ;  the  last 

Kjo.  493. 


I  the  form  of  truncated 
erge  to  a  centre  agreeing 
re  fitted  together  at  the 
-anged  along  the  lines  of 
I  and   the  vertical   joints 


piece  acts  as  a  keystone  and  is  driven  in  with  a  sledge.  One  of 
the  pieces  of  the  second  layer  has  a  hole  bored  through  it  so  as 
to  let  off  any  water  during  the  progress  of  the  work.  When 
the  middle  of  the  dam  is  reached,  a  flanged  cast-iron  pipe  is 
put  in  as  a  man-hole,  and  the  other  rows  are  built  up  to  the 
roof,  which  lias  been  covered  with  tarred  canvas ;  a  bole  is 
Iwred  through  one  of  the  pieces  of  the  uppermost  row  but  one 
and  furnished  with  a  bent  pipe,  which  serves  to  carry  off  the 
air  at  the  top  when  the  dam  is  finally  closed.  The  joints 
between  the  logs  are  mside  watertight  by  driving  in  wedges 
around  them  obliquely  ;  the  first  wedges  are  of  pine,  the  next 
are  of  bard  wood,  and  the  final  set  are  of  iron.  A  coating  of 
cement,  made  of  cart-grease,  tar,  and  slacked  lime,  completes  tbe 
outer  face  of  the  dam.  The  miners  then  close  the  water-hole 
with  a  plug  made  of  beech,  and  after  retiring  through  the  man- 


DRAINAGE.  46" 

hole,  dmw  into  it  a  huge  wooden  stopper.     The  water  is  allowed 

to  rise,  and  in  due  course  some  passes  out  by  the  air-pipe  ;  the 

air-hole  is  then  plugged,  and  the  inside  face  of  the  dam  is 

wedged  up  in  the  same  manner  as  the  outside.     When  exposed 

to  considerable  pressure  a  spherical  dam  of  this  kind  is  found 

to  slide  inwards  a  little.     One  which  was  put  in  at  Churprinz 

mine,  Freiberg,  shifted  19J 

inches  (0-50  m.)  in  the  first  Kic  495- 

fourteen  hours  after  it  had 

been  closed,  and  23'^  inches 

altogethei'  in    the   first  ten 

days ;  after  that  the  motion 

was  exceedingly  islow,  in  fact, 

almost  imperceptible;  but  it 

did  not  absolutely  cease  for 

several  years. 

Fig.  495  is  a  dam  in  an 
abandoued  shaft,  intended 
to  shut  off  any  possible  influx 
of  water  int^i  the  adjacent 
workings  in  case  the  tubbing 
should  fail.  It  consists  of  a 
strong  arch  of  masonry, 
covered  by  a  thick  layer  of 
clay  and  a  pavement  of 
stones.  The  clay  will  keep 
the  dam  stanch  even  if  the 
masonry  becomes  slightly 
cracked  from  movements  of 
the  ground,  and  the  object 
of  the  stone  pavement  is  to 
prevent  the  clay  from  being 
washedaway  suddenly  in  the 

event  of  a  large  ci'ack  being  .      .        8o*le  ^ 

formed.     The  vertical  pipe    I   .°''  °  .   .   . ' .   .   .  °.   .      *  """** 
serves    to    carry   down  the    "  '   =  =  *  5  b  7  .  a  10  n  12  sfeet 
water  during  the  erection  of 

the  dam.     Concrete  dams  are  very  readily  put  in,  and  have 
proved  of  service  in  salt  mines. 

A  temporary  dam  is  sometimes  required  close  to  a  shaft,  in 
order  to  keep  back  the  water  of  the  mine,  and  prevent  it  from 
drowning  the  pump.s  while  they  are  being  repaired.  A  strong 
and  tightly-fitting  hinged  door  may  suffice  for  the  purpose ;  in 
the  Furness  district  the  door-frame  is  set  in  a  very  ma,ssive 
structure  of  concrete,  brickwork,  and  steel  rails.  A  large  pipe 
is  put  in  at  the  bottom  and  fitted  with  a  good  valve,  which 
enables  the  water  to  be  let  out  gradually  when  the  pumps  are 
once  more  ready  for  work. 
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In  spite  of  all  precautions  the  miner  generally  has  to  contend 
with  water  which  percolates  into  the  workings.  Four  methods 
of  getting  rid  of  it  are  available — viz.,  drainage  levels,  siphons^ 
winding  machinery,  and  pumps. 

DBAINAOE  LEVELS.— An  adit  (day-level  or  sough)  is  a 
nearly  horizontal  passage  with  one  end  opening  at  the  surface, 
allowing  the  water  to  drain  away  naturally.  In  hilly  countries 
mines  are  often  worked  entirely  by  adits,  and  even  for  the 
deeper  workings  the  adit  presents  several  advantages :  it  lessens 
the  quantity  of  water  percolating  into  them  ;  it  diminishes  the 
height  to  which  the  water  has  to  be  pumped ;  if  the  contour  of 
the  surface  permits  it,  its  outflow  may  be  utilised  for  producing 
water  power ;  and  lastly,  it  affords  a  natural  discharge  for 
water  used  in  driving  hydraulic  engines  underground.  On 
account  of  these  very  important  advantages,  some  long 
and  costly  adits  have  been  driven  in  certain  metalliferous 
districts. 

Thus  in  the  Hartz,  the  Ernest  Augustus  adit  ("  Ernst  August 
Stolln  ")  has  been  driven  a  distance  of  nearly  6^  miles  into  the 
Clausthal  district.  The  total  length  of  the  adit,  including  its 
branches,  is  no  less  than  14  miles.  It  intersects  many  of  the 
lodes  at  a  depth  of  400  yards  front  the  surface.  The  totsU  cost 
of  this  adit  is  estimated  at  ;^85,5oo. 

Another  long  adit  is  the  celebrated  **  Bothschonberger  Stolln," 
which  unwaters  some  of  the  most  important  mines  at  Freiberg 
in  Saxony.  The  length  of  the  main  or  trunk  adit  is  more  than 
SI  miles ;  the  gradient  of  the  greater  part  of  it  is  only  i  '18  inch 
in  1 00  yards.  Branches  of  this  adit  among  the  mines  are  more 
than  16  miles  in  length,  so  that  the  total  length  of  the  main 
adit  with  its  ramifications  amounts  to  about  25  miles.  Most 
of  the  mines  are  now  drained  by  it  to  a  depth  of  250  to  300  yards. 
The  cost  of  the  main  tunnel  was  ;^3S9,334,  or  nearly  ^^24  per 
yard,  but  this  includes  the  cost  of  eight  shafts,  heavy  expenses 
for  pumping  from  these  shafts,  the  walling  of  the  adit  for  |  mile, 
and  all  general  expenses.  The  length  of  time  occupied  in  driv- 
ing this  adit  was  thirty-three  years. 

The  "  Kaiser  Josef  Erbstolln,"  in  Hungary,  is  another  remark- 
able adit,  which  was  commenced  in  1782  and  completed  in  1878, 
at  a  total  cost  of  ;^459)9oo.  It  is  io|  miles  in  length,  extend- 
ing from  the  river  (jran  to  the  town  of  Schemnitz,  where  it 
intersects  the  lodes  at  depths  varying  from  300  to  600  yards 
according  to  the  contour  of  the  surface. 

In  Bohemia  there  is  the  **  Kaiser  Josef  II."  adit  which  drains 
the  Frzibram  mines.  The  length  from  the  mouth  to  the  Stefan 
shaft  is  4 1  miles,  and  the  side  branches  bring  up  the  total  length 
to  13^  miles. 

At  the  Baibl  mines  in  Carinthia  a  new  adit  was  begun  in 
1 901  at  Mittelpreth,  striking  the  mines  56  metres  below  the 


DRAINAGE.  463 

bottom  of  the  deepest  shaft  at  a  distance  of  4940  metres.  The 
cross  section  is  12^  metres  broad  and  3  metres  high. 

The  great  adit  of  the  Mansfeld  copper  mines  was  begun  in 
1809,  and  was  seventy  years  in  course  of  construction.  It 
reaches  from  Friedeburg  on  the  Saale  to  Eisleben.  The  first 
part  was  driven  across  the  measures,  and  is,  in  fact,  a  crosscut, 
and  it  was  then  continued  along  the  strike  of  the  cupriferous 
seam.  The  total  length  is  now  21  miles  (33)9oo  m.).  All  the 
workings  below  its  level,  extending  for  a  distance  of  more  than 
II  miles  (18  km.),  have  their  water  pumped  into  it.  The  adit 
was  driven  with  a  rise  of  i  in  7200  (^  inch  in  100  yards).  It  is 
9  feet  10  inches  high  (3  m.),  and  6  feet  across  (1*85  m.),  in  the 
middle  where  it  is  widest.  The  bottom  part,  5  feet  8  inches  in 
height,  was  carefully  kept  in  the  Rothliegendes  so  as  to  prevent 
percolation  into  the  workings.  Cross-timbers  {spreaders)  were 
put  in  about  5  feet  above  the  floor  and  serve  to  support  a  single 
line  of  rails  and  a  gangway  of  planks. 

The  adit  at  Monteponi,  in  Sardinia,  finished  in  1 89 1 ,  is  3I 
miles  (6  kil.)  in  length,  and  relieves  the  mine  of  its  water  for  an 
additional  depth  of  about  160  feet  (50  m.). 

The  great  County  adit  in  Cornwall  was  driven  for  the  purpose 
of  draining  the  Gwennap  copper  mines,  and  it  was  pushed  on  to 
Redruth.  This  adit  difiPers  from  those  just  mentioned  by  the 
fact  that  it  commences  in  the  mining  district  itself,  and  though 
the  length  of  all  the  drivages  amounts  to  more  than  30  miles, 
the  water  from  the  most  distant  mine  does  not  run  more  than  6 
miles  before  reaching  daylight.  The  average  depth  is  only  70 
or  80  yards  from  the  surface.  In  fact  this  great  adit,  though  a 
work  of  great  utility  when  the  Gwennap  district  was  in  a  flour- 
ishing condition,  is  merely  a  network  of  shallow  tunnels,  often 
driven  along  the  lodes  themselves,  and  therefore  for  boldness  of 
execution  cannot  for  one  moment  be  compared  to  the  great  adits 
in  Germany  and  Hungary. 

The  Blackett  level  in  Northumberland  is  an  adit  which  has 
been  driven  a  distance  of  about  4^  miles,  and  will  have  to  be 
extended  about  2  miles  further  before  arriving  at  Allen- 
heads.  Its  depth  from  the  surface  at  that  place  will  be  about 
200  yards. 

The  main  part  of  the  Halkyn  adit  in  Flintshire  has  reached  a 
total  length  of  4  miles.  The  branch  which  goes  out  to  Rhoses- 
mor  mine  is  nearly  half  a  mile  long,  and  a  second  branch  has 
been  commenced.  The  greatest  depth  from  the  surface  is  230 
yards,  and  the  average  depth  under  Halkyn  Mountain  about  215 
yard&  The  length  and  depth  of  the  adit  are  not  remarkable  ; 
but  the  quantity  of  water  discharged  is  a  matter  of  interest  and 
importance.  It  is  estimated  that  this  adit  is  now  discharging  1 5 
million  gallons,  or  66,000  tons  of  water  in  24  hours,  although  the 
outflow  is  purely  natural,  for  no  mines  are  pumping  water  into 
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it.  It  is  easy  to  understand  that  the  Rhosesmor  mine,  though 
provided  with  powerful  pumping  machinery,  was  unahle  to  cope 
with  the  springs  it  encountered. 

In  the  United  Kingdom,  where  the  land  and  the  minerals  are 
parcelled  out  among  various  owners,  an  undertaking  of  this 
kind  requires  a  special  Act  of  Parliament,  for  otherwise  one 
obstinate  proprietor  might  bar  the  way  altogether,  or  mines 
drained  by  the  adit  might  refuse  to  pay  for  the  advantages  they 
received.  Before  the  Halkyn  adit  was  driven,  the  area  which 
appeared  likely  to  be  benefited  was  duly  determined,  and  the 
mines  now  worked  within  it  have  to  pay  a  royalty  to  the  tunnel 
company  for  every  ton  of  ore  they  raise. 

In  the  United  States  many  adits  of  great  importance  have 
been  made,  amongst  which  should  be  mentioned  the  Sutro 
Tunnel,  which  enters  the  workings  on  the  Comstock  lode  at  a 
depth  of  1700  feet  from  the  surface.  The  length  of  the  main 
adit  is  3I  miles,  and  the  total  cost  was  $2,096,566. 

In  the  Aspen  district  of  Colorado  another  important  adit 
level,  known  as  the  Cowenhoven  Tunnel,  was  begun  on  July 
29,  1889,  contracts  for  drainage  having  been  made  with  the 
different  mines  along  the  route  at  the  rate  of  ;^35  per  acre 
per  annum.  Up  to  the  end  of  September  1894,  the  total  length 
driven  was  8319  feet,  the  gradient  being  i  in  200,  and  the 
cross  section  6  feet  8  inches  high,  7  feet  8  inches  wide  at  the 
base,  and  6  feet  wide  at  the  cap. 

Bl^HONS. — Siphons  are  used  for  draining  mines  in  a  few 
special  cases  in  which  the  barrier  over  which  the  water  has  to 
be  raised  is  very  decidedly  less  than  33  feet. 

The  workings  of  a  shallow  mine  in  North  Wales  are  kept 
clear  of  water  by  a  siphon  made  of  i^-inch  gas-pipe.  At  the 
crown  there  is  an  iron  tank  full  of  water,  the  contents  of 
which  can  be  run  into  the  siphon  by  a  3-inch  pipe  in  order  to 
start  it. 

At  Mountfield  gypsum  mine,  in  Sussex,  the  water  is  brought 
to  the  shaft  from  the  neighbourhood  of  the  working-face,  a 
distance  of  300  yards,  by  a  siphon  also  made  of  i^-inch  gas- 
pipe.  It  has  two  branches,  but  only  one  is  working  at  a  time. 
The  water  is  lifted  a  height  of  22  feet.  When  the  water  in  the 
workings  sinks,  so  that  there  is  a  danger  of  the  siphon  running 
dry,  the  foreman  moves  a  lever  which  brings  a  pad  of  india- 
rubber  against  the  outlet  of  the  pipe,  and  so  keeps  it  full  and 
ready  to  act  the  next  time  it  is  wanted.  A  force  pump  is  set 
up  at  the  far  end  of  the  workings  for  filling  the  siphon  if  by 
any  chance  the  water  has  run  out. 

In  Austria  sinking  pits  have  successfully  been  drained  by 
boreholes  into  adjoining  shafts. 

WINDING  MACHINEBY. — When  a  mine  cannot  be  drained 
by  tunnels  or  siphons,  it  is  necessary  to  raise  the  water  mechani- 
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Figs.  496,  497. 


cally,  either  to  the  surface,  or  at  all  events  to  an  adit  through 
which  it  can  flow  out  naturally.  If  the  quantity  is  not  exces- 
sive, it  is  often  convenient  to  use  the  winding  machinery,  and 
draw  up  the  water  in  special  buckets  {watei^-harrds)  or  tanks. 
The  bucket  may  be  tilted  over  on 
reaching  the  surface,  or  it  may  be 
emptied  by  opening  a  valve  at  the 
bottom. 

This  means  of  raising  water  is 
commonly  adopted  in  sinking  shafts, 
when  it  may  be  desirable  to  wait  till 
the  whole  or  a  portion  of  the  pit  is 
completed,  before  putting  in  the  final 
pumping  machinery.  The  water  is 
usually  lifted  by  hand  into  the  bucket 
or  tank,  an  operation  involving  a  good 
deal  of  labour.  Some  of  the  baling 
may  be  avoided  by  collecting  as  much 
as  possible  of  the  inflow  in  a  cistern 
above  the  bottom,  and  drawing  off 
its  contents  by  a  hose  into  the  bucket. 
This  device  is  of  no  use  for  the  water 
actually  at  the  bottom,  but  baling  may 
be  dispensed  with  even  in  this  case 
by  the  adoption  of  an  ingenious 
arrangement  invented  by  Mr. 
Galloway,  and  applied  very  success- 
fully by  him  in  sinking  a  shaft  near 
Cardiff  (Figs.  496  and  497). 

By  means  of  a  pump  at  the  surface, 
the  air  is  constantly  being  exhausted 
from  a  pipe,  which  descends  the  shaft 
and  terminates  in  a  long  piece  of 
flexible  hose  provided  with  a  stopcock. 
When  the  cylindrical  water-barrel  has 
been  lowered  to  the  bottom  of  the 
shaft  and  is  standing  with  its  base 
in  water,  the  flexible  hose  is  quickly 

attached  to  it  at  the  point  k  by  an  instantaneous  coupling,  and 
the  cock  is  turned.  Water  is  at  once  sucked  up  through  the 
valve  &,  and  as  soon  as  the  gauge-glass  m  shows  that  it  has 
reached  the  desired  height,  the  stopcock  is  closed  and  the  hose 
uncoupled.  On  arriving  at  the  top  of  the  pit,  the  water-barrel 
is  lowered  on  to  a  trolley  carrying  a  projecting  conical  block 
of  wood,  which  knocks  up  the  valve  and  allows  the  contents 
to  run  out. 

It  was  possible  with  the  aid  of  this  contrivance,  while  sinking 
a  shaft  in  hard  sandstone  at  the  rate  of  5  to  5-^  yards  per  week, 

2  G 


a,  door  for  entering  barrel 
if  required;  6,  flat  cast- 
iron  valve  attached  to  the 
spindle  h;  e  d,  bottom 
plate  of  the  barrel ;  e,  sec- 
tion of  the  valve  showing 
universal  joint  attach- 
ment ;  If  water-pipe,  pro- 
vided at  the  end  h  with 
a  coupling  to  which  the 
suction  hose  is  attached  ; 
m,  water-gauge. 
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to  cope  with  an  influx  of  5000  gallons  (227  cubic  metTes)  of 
water  per  hour  at  the  bottom. 

A  water-barrel  can  be  filled  uutomatically,  when  it  can  be 


made  to  plunge  into  a  deep  cistern  or  collecting  pit  {aump). 
Mr.  Gftllowfty's  aiTangement  ia  shown  by  Figs.  498  antl  499- 
The  former  repi'eMeutii  his  automatic  water-tank  with  one  side 
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parti}'  removed :  a  is  the  winiling-rope,  b  the  tank,  which  is 
guided  ia  its  descent  and  ascent  by  the  studs  e  (Fig,  499)  run- 
ning upon  the  guide  ropes  e.  At  the  surface  the  tank  is  further 
steadied  by  side  grooveM,  made  of  angle-iron  (/,  which  clasp  the 
Ktuda,  When  the  tank  is  lowered  into  the 
cistern,  the  valve  t  opens  of  itself  and  lets  the  j^io,  .on. 

water  rush  in.     It  in  then  wound  up  to  the 
top,  where  the  short  lever  at  0  comes  in 
tact   with   the   piece  of   timber  p ;    th' 
attached  to  the  valve  is  lifted,  and  the  ' 
rushes  out  by  the  sloping  mouth  /  inti 
wooden  trough  or  launder  nt.     The  bat 
movable   about   tlie   point  q,  but  it   Is 
down  by  the  weight  u  attached  to  the  chi 
t  is  one  of  the  pieces  of  timber  to  whic 
fixed  guides  are  fastened,  and  lastly,  re  i 
suspending  bow  which  passes  quite  roun 
tank   and   forms    a    projectirig    loop  at 
bottom.     This  bow  protects  the  bottom  < 
tank  while  it  is  standing  in  the  cistern. 
tank  holds  212  gallons  (963  litres),  ant 
be  drawn  up  24  times  an  hour  from  a  1 
of  igo  yards ;  it  is  therefore  capable  of  rt 
5000  gallons  (22'7  cubic  metres)  in  that 
The  arrangement  just   described  was 
ployed  by  Mr.  Galloway  when  sinking,  I 
is  equally  available  as  a  permanent  metli 
drainage  when  the  quantity  of  water  i 
considerable.    The  water  is  allowed  to  act 
late  in  a  sump  at  the   bottom    of  the 
during   the    daytime,   for  instance,    an 
night,  when  no  mineral  is  being  woum 
ordinary  cage  is  taken    oS   and    the  v 
barrel  substituted  for  it.     The  water- 
barrel  is  also  useful  as  an  auxiliary, 
when  the  ordinary  pumping  machinery 
of  a  mine  is  unable  to  cope  with  some 
unusual  influx  of  water,  or  has  to  be  , 
stopped  for  repaiis.     It  is  not  neces- 
sary to  adopt  the  construction  shown  in  the  figure,  though  that 
is  a  particularly  advantageous  one.    The  vessel  for  receiving  the 
water  and  bringing  it  up  is  sometimes  made  like  a  large  mine 
waggon  ;  it  is  drawn  up  in  the  cage,  like  a  "  tub  "  of  mineral, 
and  is  discharged  at  some  point  in  close  proximity  to  the  pit  top. 
At  the  Tan  mine  a  tub  of  this  kind  holds  about  220  gallons 
(i  cubic  metre).     As  a  makeshift,  an  ordinary  mine-skip  may 
be  turned  into  a  water-barrel  by  fixing  a  wooden  box  inside 
it  with  a  valve  in  the  bottom. 
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Automatic  emptying  and  filling  is  also  obtainable  where  the 
mine  is  worked  by  inclines  or  '*  slopes,"  and  the  arrangement 
used  by  J.  H.  Howden  (Figs.  500  to  502)  has  the  merit  of  allow- 
ing several  tanks  to  be  used  in  the  place  of  a  single  large  one, 
which  might  be  too  unwieldy  for  the  mine.  Each  tank  has  an 
iron  door  at  the  rear  end  opening  inwards,  and  a  wooden  door 
at  the  front  end  opening  outwards.  The  front  door  is  attached 
to  the  back  door  by  an  iron  rod,  so  that  it  is  held  down  as  long 
as  the  back  door  is  shut;  however,  the  back  door  can  open 
independently  of  the  front  door,  because  the  rod  has  a  sliding 

Figs.  500,  501. 


Fig.  502. 


iAm*»  Owanwt  >i  nt*a  a*  ttkO**. 


link  at  the  rear  end.  The  tipping  is  effected  by  the  small 
wheels  above  the  rear  axles.  They  have  a  wider  gauge  than 
the  regular  wheels,  and  as  each  tank  comes  up  to  the  surface, 
they  are  taken  by  an  upper  set  of  rails  and  tilt  up  the  rear 
end.  If  the  track  upon  which  they  travel  has  sufficient  gradient 
towards  the  "slope,"  the  tanks  will  run  down  of  themselves, 
after  they  have  emptied  their  contents  into  the  trough  at  the 
top.  In  the  Pennsylvania  anthracite  region  water  is  raise<i 
in  tanks  holding  as  much  as  2600  gallons  at  about  69  per  cent. 
of  the  average  cost  of  pumping  at  collieries  in  the  vicinity. 

PUMPS. — We  now  come  to  the  main  division  of  the  subject 
of  drainage,  for  the  standard  method  of  extracting  water  from 
underground  workings  is  by  some  form  of  pump. 
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The  varieties  of  pumps  used  in  mines  are  numerous.  In 
small  sinkings,  hand-pumps,  either  direct-acting  or  rotary,  may 
be  applied ;  jet  pumps,  worked  by  steam,  water,  or  air,  on  the 
principle  of  the  Giffard  injector,  and  pulsometers  are  also  used, 
but  when  we  examine  the  permanent  machinery  erected  at 
large  mines  of  considerable  depth,  we  find  that  the  prevailing 
types  of  pumps  are  few. 

They  may  be  classified,  according  to  the  situation  of  the  engine 
working  the  pumps,  into — 

I.  Lifting  pumps  and  force  pumps  worked  bj  power  transmitted  from 

an  engine  at  the  surface  or  in  the  upper  workings. 
II.  Force  pumps  worked  direct  from  an  engine  immediately  attached 
to  them  at  or  near  the  bottom  of  the  workings. 

Clasa  I.— Engine  at  or  near  the  Surface. — We  may  consider 
the  subject  under  the  following  foiir  heads : — 

■ 

(a)  Motors. 

(6)  Power  transmission. 

(c)  Pumps. 

(d)  Accessory  arrangements. 

(a)  Moton. — The  engine  may  be  driven  by  wind,  water, 
steam,  gas,  or  petroleum,  (i)  Air. — Windmills  have  the  dis- 
advantage, which  is  oftf n  fatal,  that  the  power  is  not  constant ; 
the  same  may  be  said  of  water-power  derived  from  brooks  and 
rivers,  which  sometimes  dry  up ;  but  the  two  cases  are  different. 
Streams  dry  up  slowly  and  gradually,  whilst  air  currents  spring 
up  or  die  away  suddenly.  '  By  erecting  an  auxiliary  steam 
engine,  which  can  be  set  to  work  if  the  wind  fails,  the  evil  is 
overcome ;  and  this  remedy  is  adopted  at  the  Mona  mines  in 
Anglesey,  where  a  windmill  has  been  in  use  for  many  years  for 
working  pumps.  It  raises  water  from  a  depth  of  80  fathoms  at 
the  rate  of  about  90  gallons  a  minute.  As  the  site  of  the  mine 
on  Parys  Mountain  is  breezy,  there  is  wind  enough  to  work  the 
mill  for  about  one-half  of  the  time  pumping  is  required.  A 
very  large  saving  has  thus  been  effected  in  the  coal  bills.  The 
granite  quarries  in  Guernsey  are  nearly  all  drained  by  small 
windmills. 

(2)  Water. — Water-power  was  for  a  long  period  the  principal 
agent  employed  in  draining  mines,  and  it  is  still  of  the  greatest 
use  in  many  districts,  reservoirs  being  constructed  to  collect  and 
store  the  rainfall.  Some  idea  of  the  scale  upon  which  works  of 
this  kind  are  conducted  will  be  gathered  from  the  fact  that  at 
the  Clausthal  mines  in  the  Hartz  there  are  sixty-seven  reser- 
voirs, covering  an  area  of  604  acres,  and  having  a  total  storage 
capacity  of  336  millions  of  cubic  feet.  The  total  length  of  the 
various  lea^,  races,  and  other  water-courses,  including  the  six 
principal  adits,  is  about  170  miles.     The  net  power  extracted  is 
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reckoned  at  1870  horse-power,  but  less  than  one-fourth  of  tliis 
is  used  for  pumping. 

Water-power  is  applied  to  pumping  machinery  by  water- 
wheels,  turbines,  and  rotary  or  non- rotary  water  -  pressure 
engines.  In  most  cases  the  rotary  motion  has  to  be  converted 
into  a  reciprocating  motion  by  a  crank ;  and  furthermore  with 
turbines,  the  speed  must  be  reduced  very  considerably  by  inter- 
mediate gearing. 

Overshot  wheels  are  the  commonest  forms  of  prime  movers 
for  working  pumps  by  water-power ;  they  are  frequently  from 
40  to  50  feet  in  diameter,  and  at  Great  Laxey  mine,  in  the 
Isle  of  Man,  one  of  the  wheels  is  no  less  than  72  feet  6  inches 
in  diameter,  and  6  feet  in  the  breast.  The  power  is  conveyed 
from  the  water-wheel  by  a  connecting  rod  to  a  quadrant  or 
^'  bob,''  like  a  bell-crank,  placed  above  the  shaft,  and  when, 
owing  to  the  contour  of  the  ground,  the  wheel  has  to  be  erected 
at  a  distance,  it  is  often  connected  to  the  bob  by  the  so-called 
"  flat  rods,"  which  are  beams  of  wood,  bars  of  iron,  or  pieces  of 
wire  rope.  They  are  supported  by  pulleys  or  upright  oscillating 
beams,  and  travel  backwards  or  forwards  with  the  motion  of  the 
crank. 

Water-pressure  engines  share  with  turbines  the  advantage  of 
being  able  to  utilise  any  amount  of  fall,  and  the  direct-acting 
water-pressure  enccine  can  be  applied  immediately  to  the  main 
rod  of  the  pumps 

Turbines  receive  water  under  pressure  due  to  a  head  of  water 
above,  and  discharge  it  either  axially  or  circumferentially,  pro- 
ducing a  high  speed.  They  are  generally  classified,  according  to 
the  manner  in  which  the  water  acts  during  the  passage  through 
the  vanes,  into  action  or  impulse  turbines,  of  which  the  Pelton 
wheel  is  the  best  known,  and  reaction  or  pressure  turbines. 

(3)  Steam  is,  however,  the  power  used  par  excellence  for 
working  pumping  machinery,  and  the  great  inventions  of 
Newcomen  and  Watt  owed  their  birth  to  the  necessities  of 
mines,  which  could  no  longer  be  drained  by  the  water-power 
available  on  the  spot. 

The  principal  type  of  engine  is  that  known  as  the  Cornish 
engine  ;  it  is  a  single-acting  condensing  beam  engine,  working 
expansively,  having  the  number  of  strokes  regulated  by  an 
arrangement  called  a  cataract.  The  cylinder  of  the  Cornish 
engine  is  sometimes  inverted  and  stands  over  the  shaft,  the 
main  rod  of  the  pumps  being  attached  directly  to  the  piston-rod. 
This  type  of  engine,  known  as  the  Bull  engine,  dispenses  with 
the  heavy  beam,  but  it  has  the  great  disadvantage  of  obstructing 
the  mouth  of  the  shaft.  This  objection  is  quite  enough  to  forbid 
its  use  in  ordinary  circumstances.  On  the  other  hand,  the 
mere  reversal  of  the  cylinder  or  cylinders,  while  retaining  the 
beam,  is  often  resorted   to  on  account  of  the   advantage   it 
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gives  in  greater  stability  and  diminished  cost  of  the  engine- 
house. 

A  disadvantage  of  the  Cornish  engine  is  the  fact  that  when  it 
works  with  a  high  rate  of  expansion,  there  are  great  shocks  and 
jars  to  all  the  parts  of  the  machinery.  The  heavy  mass  of  rods 
and  its  connections  is  started  with  a  jerk,  and  naturally  all  the 
joints  must  suffer. 

The  compound  engine,  invented  by  Woolf  and  tried  many 
years  ago  in  Cornwall,  starts  more  gradually  and  causes  less 
strain  upon  the  pump-rods  and  machinery  generally.  The 
cylinders  may  be  placed  one  above  the  other,  or  side  by  side. 
At  Ernst  lY.  shaft,  Mansfeld,  there  are  three  cylinders  placed 
side  by  side  across  the  line  of  the  beam,  the  high-pressure 
cylinder  in  the  middle  between  the  two  low-pressure  cylinders. 
The  three  piston-rods  are  attached  to  a  crosshead  which  is  con- 
nected to  the  beam.     The  cylinders  are  inverted. 

Kley,  of  Bonn,  has  constructed  compound  engines  with  steam 
acting  on  both  sides  of  the  pistons.  He  makes  the  excess  of 
the  weight  of  the  rod  over  that  of  the  counterbalances  sufficient 
to  raise  only  half  the  weight  of  the  water  and  to  overcome  the 
friction  ;  and  then  in  the  descending  stroke  of  the  rod  the 
steam  again  acts  upon  the  pistons  and  so  makes  up  for  the 
insufficiency  in  weight.  As  the  steam  acts  upon  both  sides  of 
the  piston,  the  same  amount  is  consumed,  it  is  true;  but  a 
smaller  cylinder  will  do  the  work,  and  the  original  cost  of  the 
engine  is  lessened. 

Fly-wheels  have  the  advantage  of  setting  the  pumps  and  main 
rod  in  motion  without  the  injurious  jerk  which  is  inseparable 
from  the  Cornish  engine  worked  at  a  high  rate  of  expansion, 
besides  reducing  the  risks  of  damage  if  a  piston-rod  breaks. 

Kley  has  put  up  several  pumping  engines  in  Belgium,  France, 
and  Germany,  of  30  to  560  horse-power,  with  a  fly-wheel  which 
serves  solely  to  regulate  the  stroke  of  the  piston,  so  that  the 
crank  always  stops  before  or  after  the  dead  point  till  the 
cataract  starts  another  stroke.  The  machines  are  double- 
acting  compound  beam  engines. 

At  the  Idria  quicksilver  mines  in  Austria  great  economy  in 
steam  consumption  has  resulted  from  the  adoption  of  Kley's 
system  of  combining  a  double-acting  rotatory  engine  with  a 
cataract,  so  that  it  may  be  worked  either  continuously  or 
intermittently  through  a  range  of  speed  between  half  a 
revolution  and  18  revolutions  per  minute.  The  normal  work  of 
the  engine  is  lifting  i|  tons  of  water  per  minute  to  a  height  of 
2  70  metres  when  making  6  revolutions  per  minute. 

M.  Guinotte,  a  well-known  Belgian  engineer,  also  adopts  the 
fly-wheel,  and  the  machines  he  has  erected  at  Mariemont  and 
elsewhere  are  single-acting  rotary  engines  with  one  cylinder. 
The  peculiarity  of  his  fly-wheel  is  that  he  can  weight  it  in  any 
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way  he  pleases ;  and  he  so  overcomes  the  difficulty  which 
occurs  in  other  rotary  machines  of  its  being  impossible  to  work 
them  below  a  certain  speed.  His  object  is  to  make  the  speed 
slow  at  the  beginning  and  end  of  the  stroke,  so  as  to  avoid  the 
injurious  shocks  to  the  valves  and  machinery  generally  from 
sudden  starts  and  stoppages. 

The  cylinders  of  a  pumping  engine  may  be  placed  horizontally^ 
an  arrangement  which  effects  a  decided  saving  in  the  cost  of 
foundations  and  in  that  of  the  engine-house.  The  engine 
erected  at  the  Otto  IV.  shaft  at  Mansfeld  (Fig.  503)  is  a 
horizontal  double-acting  compound  engine  with  a  fly-wheel, 
working  two  pump-rods  by  means  of  quadrants.  A  is  the 
high -pressure  cylinder,  B  the  low-pressure  cylinder,  0  the  fly- 
wheel, D  and  E  are  quadrants,  connected  by  F,  which  raise  and 
lower  the  two  rods  G  and  H.  The  cylinder  A  is  5  feet  2I  inches 
(1*590  m.)  in  diameter,  and  B  8  feet  i^  inch  (2*480  m.).  The 
stroke  of  the  engine  is  8  feet  8|  inches  (2*660  m,),  and  the 

Fig.  503. 
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fly-wheel  makes  ii;J  revolutions  per  minute.  When  working  at 
this  speed  it  is  reckoned  that  it  raises  3521  gallons  (16  cubic 
metres)  of  water  per  minute,  a  total  height  of  906  feet  (276*35 
m.).  The  water  is  salt,  and  has  a  specific  gravity  of  1*15.  Each 
rod  works  a  pump  at  the  bottom,  with  a  fixed  hollow  plunger 
272  inches  (705  mm.)  in  diameter  and  a  moving  "pole  case," 
which  lifts  the  water  to  a  height  of  463  feet  (141*1  m.).  Here 
the  work  is  taken  up  by  a  Rittinger  pump  with  plungers  of 
27^  inches  (700  mm.)  and  21^  inches  (540  mm.),  and  the  water 
is  raised  by  it  to  the  adit  level,  an  additional  height  of  443 
feet  (135*25  m.).  The  stroke  of  the  rods  is  2  metres.  When 
tlie  full  power  of  the  engine  is  not  required,  one  rod  can  be 
disconnected  and  the  other  is  balanced  by  an  accumulator. 

At  Diepenlinchen,  near  Stolberg,  an  engine  of  similar  con- 
struction has  been  put  up  within  the  last  few  years,  the  dimen- 
sions of  the  two  cylinders  being  almost  the  same  as  those  adopted 
at  Mansfeld.  The  problem  at  Diepenlinchen  is  to  raise  2640 
gallons  ( 1 2  cubic  metres)  of  water  per  minute  from  a  depth  of 
328  yards  (300  m.). 
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The  compound  engine,  with  its  two  cylinders  placed  tandem 
fashion  horizontally,  is  largely  used  by  Davey,  whose  principal 
improvement  consists  in  his  patent  differential  valve  gear, 
which  combines  the  action  of  a  cataract  with  that  of  a  slide 
valve. 

The  steam-turbine  may  be  employed  with  advantage  as  a  motor 
when  a  high  rate  of  revolution  is  required,  as  in  the  case  of  a 
centrifugal  pump.  It  is  a  wheel  fitted  at  its  circumference  with 
numerous  vanes  against  which  the  steam  acts  either  by  reaction 
or  pressure,  or  by  action  or  impulse.  Five  types  of  steam-turbine 
may  be  distinguished.  In  the  first,  steam  is  expanded  in  nozzles, 
and  on  leaving  acts  on  a  single  wheel,  having  a  single  ring  of 
moving  blades  (De  Laval  steam-turbine).  In  the  second  type, 
there  are  several  turbine  wheels  arranged  each  in  a  separate 
chamber.  The  steam  passes  through  the  several  chambers  in 
series,  entering  each  chamber  through  distributing  nozzles  in 
which  it  expands.  The  steam  thus  expands  in  steps  (Rateau  and 
Zoelly  steam-turbines).  In  the  third  type,  the  steam,  after  ex- 
panding in  nozzles  in  one  step  acts  on  two  or  more  sets  of  moving 
vanes,  fixed  guiding  vanes  being  placed  between  the  moving  vanes 
to  re-direct  the  steam  (Riedler-Stumpf  steam-turbine).  The 
fourth  type  is  a  combination  of  the  second  and  third, 
the  steam  being  expanded  in  steps ;  but  more  than  one  Fio.  504. 
set  of  vanes  is  acted  upon  in  each  stage  (Curtis 
steam-turbine).  In  the  fifth  type  there  are  no  regular 
nozzles.  The  steam  passes  through  a  set  of  fixed  vanes, 
and  then  through  a  set  of  moving  vanes,  then  through 
another  set  of  fixed  vanes,  and  so  on  alternately. 
The  steam  expands  in  passing  through  the  fixed 
and  movable  vanes  (Parsons*  steam-turbine). 

Petroleum  and  Gas. — Where  coal  is  very  expensive 
owing  to  the  cost  of  carriage,  an  oil  or  gas  engine 
may  be  a  convenient  source  of  power  for  pumping  on 
a  small  scale. 

Power  TraziBmiBsion. — Having  discussed  the  prin- 
cipal forms  of  motors  used  for  pumping  at  mines,  it 
now  remains  to  consider  how  their  power  is  applied 
to  the  pumps  themselves. 

Ro(U, — The  usual  mode  of  transmission  is  by  rods 
made  of  wood,  wrought-iron,  or  steel,  by  water,  by 
compressed  air,  or  by  electricity. 

Wooden  rods  are  commonly  constructed  in  this 
country  of  pitch-pine  beams  of  square  section,  united  by  plates 
of  iron  or  mild  steel  {strapping  plates^  a,  h,  r.  Fig.  504),  which 
are  held  together  by  bolts,  the  butt  end  of  one  beam  being 
brought  against  the  butt  end  of  the  next.  Other  forms  of 
jointe,  such  as  the  scarf  joint,  are  met  with. 

The  iron  and  steel  rods  are  either  solid  bars  of  round  iron  or 
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steel,  or  beams  built  up  from  angle-iron  or  angle-steel,  so  as 
to  obtain  the  desired  stiffness  without  undue  weight. 

The  long  beam,  made  up  of  a  succession  of  pieces,  constitutes 
what  is  called  the  main  rod  or  spear-rod.  It  hangs  down  the 
shaft,  either  from  the  end  of  the  beam  of  the  engine,  or  from  a 
quadrant  such  as  is  shown  in  Fig.  503,  when  the  cylinder  of  the 

pumping  engine  is  hori- 
FiG.  505.  zontal.     In  order  to  pre- 

vent it  from  vibrating 
sideways,  it  has  to  be 
guided ;  wooden  rods  are 
guided  by  cross  bars  of 
timber  placed  in  the 
shaft,  and  they  are  pro- 
tected from  wear  by 
pieces  of  plank  {lining 
boards),  which  are  re- 
newed from  time  to  time. 
The  round  iron  or  steel 
rods  are  kept  in  position 
by  suitable  collars  fixed 
upon  timber  or  metal 
supports. 
If  the  shaft  is  inclined,  as  so  often  happens  in  vein-mining, 
the  main  rod  has  to  be  supported  at  suitable  intervals  by 
cylinders  of  cast-iron  or  steel,  known  as  "  shaft  rolls."     The 
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roller  turns  upon  a  spindle  as  the  main  rod  moves  up  and  down 

(Fig.  539). 

The  bane  of  some  mining  districts,  such  as  Cornwall,  is  the 
varying  inclination  of  many  of  the  pumping  shafts,  which  have 
been  sunk  along  the  dip  of  the  veins.  In  cases  of  this  kind  it  is 
necessary  to  make  bends  in  the  main  road  corresponding  to  the 
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crookedness  of  the  ghaft.  Four  methodH  of  making  an  angle  iu 
the  rod  are:  (i)  the  V-bob ;  •  {2)  the  fend-off  bob;  {3)  the 
runoiDg-loop ;  (4)  hydraulic  pistons. 

The  V-bob,  as  its  name  implies  (Figs.  505  and  506),  is  a 
V-like  frame,  something  like  a  bell-crank,  interposed  between 
the  ends  of  the  two  rods.  The  two  arms  of  the  V  are  made  of 
strong  beams  of  timber  strengthened  by  iron  plates  b  and  r,  and 
connected  by  two  straps  a,  which  prevent  their  being  pulled 
apart.  The  arms  are  arranged  RO  that  each  is  at  right  angles  to 
the  adjacent  end  of  the  rod  at  half  stroke.  At  the  point  of  the 
V  there  is  a  strong  pin  d  lying  in  brasties,  about  which  the  bob 
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moves  as  a  centre.  It  is  usual  to  make  the  arms  at  least  10 
inches  long  for  each  foot  of  the  stroke.  Therefore  for  »  stroke 
of  9  feet,  the  length  of  each  arm  would  be  9  x  1  J,  or  15  feet. 

A  fend-off  beam  will  be  understood  from  Fig.  507,  which  is  an 
example  taken  from  Orenyer  and  Abraham  mine  in  Cornwall, 
tt  is  a  long  beam,  strengthened  by  tie-rods,  moving  about  a 
strong  pin  working  in  a  block.  The  Cornish  rule  is  to  make  the 
beam  2'  times  aK  long  as  the  stroke. 

The  running  loop  (Figs.  508  and  509)  is  sometimes  used  to 
save  the  expense  of  cutting  out  the  largo  recess  (plat)  which  is 
required  iu  the  case  of  a  V-bob  or  a  fend-off  beiim.  The  two 
parts  of  the  main  rod,  e  and  d,  are  connected  by  two  loops  of 
wrought-iron,  e,  of  which  one  only  can  be  shown  in  the  side 

e  copied,  by 
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elevation.  Each  loop  passes  round  the  two  pins,  which  are  the 
axles  of  the  two  wheels.  The  wheels  run  upon  flat  hars  of 
wrought  iron,  /,  laid  upon  the  sleepers,  6,  which  are  supported 
by  the  strong  cross-bearers,  a  a. 

West  and  Darlington  effected  the  change  of  direction  in  the 
rods  by  two  rams  or  plungers,  working  in  cylinders  connected 
at  the  bottom  (Fig.  510).  The  plunger  a  in  going  down  raises 
the  plunger  h,  to  which  the  main  rod  of  the  pumps  is  attached 
by  a  crosshead  and  two  side  straps.  There  is  a  valve  at  c 
through  which  the  plunger  can  draw  in  a  little  water  to  make 
up  for  any  loss  through  the  stuffing-boxes. 

(2)  Hydraulic  Transmission, — The  cumbersome  nature  of  rods, 
with   all   their   heavy  strapping   plates,  catches,  and  counter- 
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balances,  has  long  made  the  miner  seek  some  simpler  method 
of  transmitting  power.  The  problem  has  been  very  successfiUly 
solved  by  Moore's  hydraulic  system  of  transmission,  adopted  at 
mines  in  Scotland  and  in  the  United  States. 

A  horizontal  engine  erected  at  the  surface  (Fig.  511)  works 
two  rams  d  d!^  and  these  force  water  down  the  two  pipes  E  E' 
to  the  underground  rams  D  D  D'  D' ;  ^  </  are  valves  through 
which  water  is  supplied  to  the  pressure- pipes  from  cisterns. 
The  plungers  of  D  D  and  D'  D'  are  attached  to  a  cross-head  C 
which  carries  the  two  pumping  plungers  A  and  B.  The  ram  d 
forces  water  into  the  two  power  rams  D,  and  the  ram  d'  into  the 
two  opposite  rams  D'.  If  water  is  being  driven  down  by  r/,  the 
cross-head  C  will  be  moved  towards  B ;  the  mine-water  will  be 
forced  up  by  its  plunger,  and  sucked  up  by  A.  At  the  same 
time  the  power  water  in  D'  D'  will  be  driven  back  a  little  way, 
ready  to  move  in  the  opposite  direction  as  soon  as  d!  makes  its 
stroke.      The   underground  pump   thus   follows   precisely   the 
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movement  of  the  engine  at  the  surface;  the  pressure  in  the 
transmitting  pipes  is  not  less  than  1000  lbs.  per  square  inch, 
and  this  enables  small  pipes  to  be  employed.  The  pumps  may 
be  placed  as  desired,  and  the  system  has  been  used  not  only  for 
permanent  work,  but  also  in  the  case  of  sinking  a  shaft. 
Kaselowsky^s  system  is  similar.  One  of  the  most  notable 
examples  of  this  system  is  that  at  the  Pluto  mine  in  West- 
phalia, where  a  long-stroke  direct-acting  pump  is  worked  at*  a 
pressure  of  3000  to  3750  lbs.  per  square  inch. 

(3)  Coinpressed-atr  Transmission, — Where  compressed  air  is 
furnished  to  the  workings  generally  for  the  purpose  of  driving 
rock  drills  or  winches,  supplies  may  be  taken  from  the  mains  in 
order  to  operate  small  direct-acting  pumps.  There  is  great 
convenience  in  using  air  in  situations  far  removed  from  the 
shaft  where  steam  is  practically  out  of  the  question. 

(4)  Electric  Transmission. — The  simplicity  and  efficiency  of 
electric  transmission  are  daily  becoming  more  apparent  to  the 
miner,  and  it  is  not  surprising  to  find  an  increasing  number  of 
applications  in  the  case  of  pumping  machinery.  Many  large 
plants  have  been  erected.  One  of  the  largest  is  an  engine  of 
1000  horse-power,  lifting  1320  gallons  of  water  per  minute  to  a 
height  of  1476  feet.  In  the  early  installations  the  high  speed 
of  the  motor  was  reduced  by  gearing  so  as  to  give  the  crank- 
shaft a  number  of  revolutions  per  minute  suitable  for  pumping, 
but  now  the  quick -running  pumps  of  Riedler  and  others  can  be 
worked  direct  from  the  motor  shaft  at  a  speed  of  over  300 
revolutions  per  minute. 

(c)  Pumps. — The  main  rod,  which  has  already  been  described, 
is  used  for  transmitting  the  motion  of  the  engine  to  a  pump  or 
several  pumps  in  the  shaft.  These  pumps  are  of  two  descrip- 
tions: (i)  lifting  pumps  ;  (2)  force-pumps.  The  lifting  pump, 
or  drawing  lift  (Fig.  512)  consists  of  the  wind-bore  or  suction 
pipe,  the  clack-piece  or  valve-box,  the  clack-seat  piece,  the 
working  barrel,  the  bucket  with  its  rod,  and  the  column. 

The  wind-bore,  or  snore-piece,  as  it  is  sometimes  called,  is  a 
cylinder  of  cast  iron,  terminating  in  an  egg-shaped  or  a  flat 
bottom,  with  a  number  of  holes  through  which  the  water  is 
sucked  up  into  the  pump. 

The  clack-piece  is  a  short  cylinder  of  cast-iron  with  a  flat  side 
door  fastened  on  by  bolts,  the  object  of  which  is  to  enable  the 
valve  to  be  taken  out  and  renewed.  It  receives  the  seat  on 
which  a  clack  or  valve  works. 

The  clack  seat-piece  is  not  always  used ;  but  it  is  often  put 
in  as  a  matter  of  precaution,  in  case  the  regular  valve  should 
accidentally  fail  while  the  pumps  are  under  water.  If  a  mishap 
of  this  kind  occurs,  a  special  clack  can  be  lowered  on  to  the  clack 
seat-piece,  and  the  pump  can  be  worked  with  it  temporarily. 

The  working  barrel  is  a  cast-iron  cylinder,  carefully  bored  so 


478  ORE  AND  STONE  MINING. 

that  the  bucket  may  work  in  it  smoothly  and  exactly ;  occasion- 
ally it  is  bushed  with  brass. 

The  bucket  is  merely  a  moving  valve,  consisting  usually  of  a 
hollow  cylinder  of  cast  iron  surrounded  by  a  band  of  leather  or 
gutta-percha,  and  attached  to  a  rod  through  which  it  receives  its 
reciprocating  motion.  The  seat,  called  the  **  form,"  may  be  made 
for  a  single  valve  or  a  double  valve.  The  **  form  "  shown  in  Figs. 
513  and  514  is  made  for  one  valve,  and  it  is  held  by  a  stout  rod 
with  two  forks  or  **  prongs.*'  The  mode  of  attachment  of  the 
prong  a  to  the  form  h,  by  the  so-called  half -moons  c  and  cotters, 
is  evident  from  Figs.  514  and  515.  When  there  are  two  valves 
the  form  is  made  as  shown  by  Fig.  516  or  Fig.  517,  and  the  rod, 
now  called  a  *' sword,"  is  attached  by  a  central  blade  which  passes 
through  a  corresponding  slot  in  the  middle  rib. 

The  valve  itself  is  made  of  a  flat  piece  of  leather  riveted 
between  two  iron  plates  and  fastened  at  one  end  (Fig.  513)  by 
spikes  or  bolts,  or  of  two  similar  semicircular  pieces  of  leather 
attached  at  the  circumference  (Fig.  516)  or  in  the  middle  of  the 
form  (Fig.  517).  In  either  case  there  is  a  band  of  leather  or 
gutta-percha  round  the  form  which  makes  the  bucket  fit  exactly 
in  the  working  barrel.  This  band  is  cut  out  in  the  shape  of  a 
segment,  such  as  is  shown  in  Fig.  518,  and  is  then  bent  round 
the  form  and  kept  in  its  place  by  an  iron  hoop  or  ring.  Leather 
is  usually  employed,  and  is  sometimes  made  from  buffalo  hide,  in 
order  to  obtain  great  durability  ;  with  gutta-percha  there  is  the 
advantage  of  being  able  to  utilise  a  worn-out  band  in  making  a 
new  one.  After  it  has  been  softened  in  hot  water  and  well 
kneaded  up  with  a  little  fresh  gutta-percha,  to  supply  the  waste, 
it  can  be  rolled  out  in  a  proper  mould  into  a  band  of  the  desired 
shape.  Richardson's  composition  consists  largely  of  gutta-percha, 
and  makes  a  durable  and  economical  pump-bucket.  The  bucket 
is  attached  to  the  rod  by  a  square  sliding  clasp  and  a  cotter. 
The  bucket-prong,  or  sword,  has  a  little  projecting  ridge  (Fig. 
514)  which  fits  into  a  corresponding  recess  in  the  end  of  the  rod; 
when  the  chisp  has  been  drawn  over  and  the  key  inserted,  the 
joint  is  complete.  The  actual  rod  itself  may  be  of  wood  or  iron, 
and  it  may  either  work  inside  the  column  or  outside.  Fig.  512 
shows  the  commoner  method  in  Great  Britain,  but  both  there 
and  in  America  the  second  plan  is  employed.  Fig.  519  repre- 
sents a  lifting  pump  used  in  mines  on  the  Comstock  lode.  S  is 
the  wind-bore  or  suction  pipe  ;  V  the  fixed  clack  or  valve ;  P  the 
bucket,  with  its  valve  Vy  moving  in  the  working  barrel.  The  ixxi 
to  which  it  is  fixed  passes  through  the  stufling-box  g,  and  is 
connected  to  the  wooden  rod  R.  The  column  of  pipes,  made  of 
riveted  sheet-iron,  through  which  the  water  is  lifted,  is  shown 
by  C.  Three  sheet-iron  cylinders  riveted  together  form  one 
section.  Each  section  is  provided  at  both  ends  with  a  cast-iron 
flange,  and  two  adjacent  sections  are  fastened  together  by  bolts. 
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The  cast-iron  pieces  H  carry  the  stuffing-box  and  join  the  column 
to  the  working  barrel.  Figs.  520  and  511  represent  the  mode 
of  attachment  of  two  sections,  and  also  the  manner  in  which  the 
column  is  held  in  the  shaft.  Xiap-welded  sheet-iron  pipes  may 
take  the  place  of  the  riveted  pipes  of  the  figure. 

The  columns  of  pumps  in  Great  Britain  are  generally  made 
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of  ca.st-iron  pipes  wiih  flanges ;  the  standard  length  is  9  feet. 
The  joint  is  made  by  inserting  a.  ring  of  sheet  iron,  which  has 
been  wound  round  with  coarse  flannel  soaked  in  tar,  and 
tightening  the  bolts.  A  more  perfect  and  durable  connection 
is  obtained  if  the  flanges  are  properly  faced  and  provided  with 
a  recess  for  an  india-rubber  or  a  gutta-percha  washer.  Pipes  of 
sheet  iron  and  steel  have  the  advantage  of  lightness,  an  im- 
portant matter  when  transport  is  expensive. 

Wooden    pumps  have   not   disappeared  in    countries  where 
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timber  is  abundant  and  metal  expensive  ;  the  rising  mains  are 
formed  of  trees  bored  along  the  centre.  Wood  is  also  used  in 
certain  cases  when  the  mine  water  is  corrosive ;  thus  at  the 
Parys  mine,  Anglesey,  where  the  water  is  highly  cupriferous, 
pumps  of  this  kind  have  to  be  employed.  The  wooden  pipes 
made  by  A.  Wyckoff  &  Son,  of  Elmira,  New  York,  are  bored 
white  pine  logs  turned  outside,  strengthened  by  a  band  of  hoop- 
iron  wound  around  spirally,  and  coated  with  asphalt.  Pipes  of 
this  description  are  made  with  bores  up  to  1 6  inches  in 
diameter,  and  are  capable  of  resisting  a  pressure  of  iCo  lbs. 
per  square  inch,  or  a  head  of  water  of  370  feet. 

In  some  cases,  with  corrosive  water,  gun-metal  pipes  are  used. 
At  Butte,  Montana,  drawn  copper  tubes  have  been  used.  Tlie 
cost  of  copper  mains  is,  however,  so  great  as  to  preclude  their 
use  except  in  very  exceptional  circumstances. 

The  disadvantage  of  the  arrangement  shown  in  Fig.  519  is 
that  if  a  bucket  fails,  whilst  the  stuffing-box  happens  to  be  sub- 
merged, the  "lift  is  lost,"  in  other  words,  the  pump  is  utterly 
useless;  whilst  with  the  ordinary  system  (Fig.  512),  the  bucket 
can  be  drawn  out  and  "geared''  once  more.  To  remedy  this 
defect,  a  working  barrel  and  a  clack-piece  may  be  inserted  in 
the  column ;  a  new  rod  and  bucket  can  then  be  lowered  into  it, 
and  made  to  work  until  the  water  is  sufficiently  mastered  for  the 
old  bucket  to  be  changed. 

On  the  other  hand,  the  stuffing-box  arrangement  can  claim 
the  tulvantage  of  making  the  buckets  last  longer.  No  doubt  the 
reason  of  this  is  that  the  stuffing-box  acts  as  a  guide  to  the  rod, 
and  prevents  irregular  friction  of  the  bucket  against  the  sides  of 
the  working  barrel. 

The  force-pump  used  in  mines,  known  as  the  plunger  pump 
(Fig.  522),  consists  of  a  solid  piston  (plungei),  working  through 
a  stuffing-box  in  a  long  cylinder  standing  upon  a  special  casting 
known  as  the  H -piece.  This  is  so  called  because  it  is  made  up 
of  two  parallel  cylinders,  like  the  two  upright  limbs  of  the  letter 
H ,  which  are  connected  by  a  horizontal  pipe,  like  the  cross-bar. 
The  H -piece  is  often  faulty  from  presenting  a  path  with  very 
sudden  turns ;  all  angles  should  be  rounded  o£P,  so  as  to  make  the 
passage  of  the  water  as  easy  as  possible.  The  H -piece  has  a 
valve  imme<Uately  above  the  wind -bore  or  suction-pipe.  In  the 
figure  the  wind-bore  is  flat-ended  because  it  is  resting  in  a 
cistern.  Above  the  H -piece  comes  the  door- piece  with  another 
valve,  and  then  a  series  of  pipes,  the  "  column,*'  generally  of 
cast  iron,  but  sometimes,  as  already  stated,  of  wrought  iron. 

The  action  is  easily  understood.  When  the  plunger  is  moved 
upwards,  water  is  drawn  in  by  the  wind -bore,  and  when  the 
plunger  descends,  the  bottom  clack  closes,  the  top  clack  opens, 
and  the  water  is  forced  up  into  the  column.  The  plunger  is  a 
hollow  cylinder  of  cast  iron,  accurately  turned  outside.    Usually 
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one  end  of  a  wooden  rod  is  passed  tluough  it  and 
wedged  tightly  at  tfae  bottom,  and  the  other  end 
is  attached  to  the  main  rod  by  staples  and  glands, 
being  kept  at  a  proper  distance  from  it  by  a  piece 
of  timber. 

The  plunger  pump  can  claim  superiority  over 
the  lifting  pump  for  several  reasons :  it  is  less 

Fig.  512. 


likely  to  get  out  of  order,  and,  if  it  does  begin  to 
fail,  its  shortcomings  are  more  quickly  perceived 
and  more  easily  remedied.  The  first  advantage 
is  almost  self-evident;  one  need  only  picture  the 
leathern  rim  of  the  bucket  rubbing  against  the 
sides  of  the  working  barrel,  and  the  solid  plunger 
sliding  up  and  down  through  the  stu£Sng-box,  to 
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feel  convinced  that  it  is  more  difficult  to  keep  the  former  tight  than 
the  latter.  Practical  experience  confirms  this  a  priori  reason- 
ing. When  the  water  contains  sand  in  suspension,  the  hucket 
wears  out  rapidly  and  has  to  be  changed  at  frequent  intervals ; 
consequently  it  must  be  performing  much  of  its  work  in  an 
inefficient  manner.  Incipient  faults  of  the  bucket  causing  but 
a  slight  diminution  in  the  quantity  of  water  raised  are  likely  to 
pass  unnoticed,  whereas  a  leaky  stuffing-box  is  at  once  detected. 
This  latter  defect  can  be  speedily  cured  by  the  man  in  chaise 
of  the  pumps  (pitman)^  who  has  simply  to  take  a  spanner  and 
tighten  up  a  few  nuts,  whilst  changing  a  bucket  of  an  ordinary 
lifting  pump  involves  the  withdrawal  of  the  whole  length  of  rods 
to  which  it  is  attached,  an  operation  causing  some  trouble  and 
requiring  time.  Lastly,  the  efficient  manner  in  which  the 
plunger  does  its  work  renders  it  suitable  for  higher  lifts  than 
the  bucket. 

In  the  majority  of  cases  a  drawing  lift  is  fixed  at  the  bottom, 
because  it  can  be  lengthened  as  the  shaft  is  deepened,  a  process 
going  on  continually  in  vein-mining,  and  further  because  it  can 
be  worked  with  less  fear  of  a  complete  breakdown  than  a  plunger, 
if  the  water  rises  in  the  mine  and  submerges  the  working  parts. 
This  bottom  pump  lifts  the  water  into  a  cistern  in  which  stands 
the  wind-bore  of  the  plunger-pump  (Fig.  522),  and  the  remainder 
of  the  pumping  is  done  in  stages.  The  first  plunger  forces  the 
water  up  a  column  into  another  cistern,  some  60  or  more  yards 
higher,  where  a  second  plunger  continues  the  work  and  raises 
the  water  into  a  third  cistern,  and  so  on  until  it  reaches  the 
surface  or  the  adit. 

Pumping  is  usually  done  in  stages  because  it  is  not  always 
easy  to  keep  the  joints  tight*  when  the  pressure  of  the  water  is 
very  great.  The  difficulty  is  nowadays  far  less  than  it  was  for- 
merly, and  columns  are  made  even  as  much  as  600  metres  (656 
yards)  in  height  vertically. 

The  subject  of  pumps  would  not  be  complete  without  a  few 
words  upon  valves.  The  common  leather  clacks  used  in  some 
buckets  have  already  been  briefly  mentioned.  The  valves  of 
pumps  may  be  divided  into  two  classes — viz.,  clacks  and  metal 
valves. 

Figs.  523  and  524  represent  a  simple  valve  called  the  Hake's 
mouth  valve.  It  consists  of  the  seat,  slightly  conical  below  so 
as  to  fit  into  the  proper  recess  in  a  casting,  such  as  the  H~pi®<^ 
or  clack-piece,  and  the  moving  flap  made  of  a  piece  of  strong 
leather  between  two  plates  of  iron,  held  firmly  together  by 
copper  rivets.  The  flap  is  attached  to  the  "  tail "  of  the  seat  by 
bolts,  and  the  pliable  leather  not  only  makes  the  hinge,  but 
ensures  a  water-tight  contact. 

In  the  butterfly  valve  (Figs.  525  and  526)  there  are  two  semi- 
circular lids   or  flaps.      In   a   clack   known   as   ''Jan   Ham's 


DRAINAGE. 


483 


clack,"  the  two  lids  ai*e  hinged  on  the  outside  and  look  towards 
each  other  instead  of  from  one  another. 

A  valve  which  has  given  great  satisfaction  in  Cornwall  is 
known  as  Trelease's  valve  (Figs.  527  and  528).  Its  peculiarity 
is  the  great  freedom  of  motion  given  to  it  by  its  hinge.  The 
seat  has  two  upright  *^  risers  "  with  slots  in  which  the  pin  of  the 
clack  can  move  up  and  down.  The  valve  is  of  metal  with  a 
sheet  of  leather  I  riveted  on  for  making  it  water-tight.  It  will 
be  readily  understood  that,  as  the  leather  is  not  playing  the 
part  of  a  hinge,  a  valve  of  this  description  will  last  longer  than 
those  described  previously ;  it  can  also  be  used  with  a  bucket. 

If  the  water  is  corrosive,  as  too  frequently  happens  in  mines. 
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Fig.  531. 


the  seat  and  the  valve  are  made  of  brass,  gun-metal,  or  bronze, 
and  a  recess  is  made  in  the  circumference  of  the  seat  for  the 
insertion  .of  wood,  which  will  last  longer  for  the  *'beat"  than 
metal. 

Teague's  noiseless  valve  (Figs.  529  to  531)  is  made  by  insert- 
ing a  small  valve  into  the  flap  of  a  Hake's  mouth  valva  It  is 
said  to  remove  entirely  the  concussion  met  with  in  large  pumps. 

Among  the  metallic  valves  the  most  important  is  the  double- 
beat  valve,  the  object  of  which  is  to  afford  as  great  a  waterway 
as  possible  with  a  small  rise  of  the  valve.  A  double-beat  valve 
may  be  briefly  described  as  a  bell  with  a  large  hole  at  the  top, 
and  surfaces  of  contact  at  top  and  bottom;  when  the  bell  is 
raised  by  the  pressure  underneath,  there  are  two  passages  by 
which  the  water  can  escape,  one  sideways,  all  round  the  bottom, 
and  one  upwards,  through  the  top.     It  was  invented  originally 
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for  steam  engines,  and  long  afterwards  was  applied  to  pumps. 
The  valve  shown  in  Figs.  532  to  534  consists  of  a  shell  a  con- 
nected to  a  ring  i  by  radial  arms  c.  The  letters  b  indicate 
strengthening  ribs  on  the  outside  of  the  shell ;  they  are  inclined 
a  little  so  that  the  stream  of  water  passing  through  the  valve 
may  cause  it  to  turn  slightly  each  time  it  is  opened,  and  beat  in 
a  different  position.  This  ensures  even  wear  and  keeps  the 
valve  water-tight.  The  two  "  beats,"  that  is  to  say,  the  two 
surfaces  of  contact,  marked  n  and  7n,  are  rings  of  white  metal, 
gutta-percha,  or  india-rubber  fitted  in  grooves  in  the  two  seats 
q  and  / ;  7*  is  a  guide  for  the  central  ring  t  which  is  bushed  with 
brass,  indicated  by  the  black  line ;  0  and  j?  are  radial  arms  on  which 
slides  the  brass  bushing  of  the  lower  ring  of  the  shell,  and  they 
are  stayed  by  the  cylindrical  piece  s  and  the  ring  L  The  rise  of 
the  valve  is  limited  by^,  which  is  kept  in  its  place  by  the 
screw  e,  held  by  a  nut  in  the  cross-bar  d;  h  h  is  the  chamber  in 
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which  the  valve  works.  Fig.  533  shows  the  valve  open,  and 
Fig.  534  is  an  elevation  of  the  valve  and  lower  seat,  which  wiD 
greatly  assist  in  making  its  mode  of  action  plain.  The  number 
of  beats  is  sometimes  increased  to  three  or  four.  This  valve  is 
largely  used  for  heavy  pumps. 

Bittinger  Pump — The  Rittinger  pump  is  an  important 
variety  which  has  been  inti-oduced  on  the  Continent,  for  remedy- 
ing one  of  the  defects  of  the  ordinary  pumping  plant — viz.,  its 
intermittent  action.  The  Cornish  engine  makes  a  sudden  start, 
the  "  outdoor "  end  of  the  beam  goes  up,  and  with  it  the  main 
rod  and  the  plungers ;  then  comes  a  pause,  and  all  this  time  no 
useful  work  of  raising  water  is  being  done.  Lastly,  the  beam 
and  the  main  rod  slowly  descend  and  the  plungers  force  up 
water.  The  actual  work  of  pumping  proper  is  accomplished  in 
a  short  part  of  the  time  occupied  by  a  double  stroke.  It  is 
evident  that  a  smaller  engine  doing  work  continuously  would 
be  just  as  effective  as  the  large  one  acting  at  intervals. 

The  Rittinger  telescopic  pump  (Figs.  535  and  536)  may  be 
described  briefly  as  a  differential  pump,  with  two  hollow 
plungers,  one  fixed  and  the  other  moving.     A  B  is  the  moving 
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part  of  the  pump,  consisting  of  the  air-chamber  and  plunger 
case  A,  the  hollow  plunger  B,  and  the  quadruple-beat  valve  C. 
It  is  drawn  up  and  down  by  the  side  rods  D  D.  E  is  the  top  of 
a  lower  section  of  the  rising  main,  and  F  a  large  pipe  consti- 
tuting a  cistern.  G  is  a  valve  at  the  bottom  of  the  plunger  case 
H.  At  the  top  there  is  the  second  hollow  plunger  I,  which  is 
fixed,  working  through  a  stuffing-box  in  A,  and  K  is  the  rising 
main  ;  L  is  the  space  for  air. 

When  the  moving  part  A  B  ascends  C  closes,  and  water  is 
drawn  up  into  I  and  K ;  at  the  same  time  G  opens,  and  water 
makes  its  way  through  it  into  H.  When  A  B  descends  the 
space  above  G  is  diminished,  C  rises,  and  water  flows  into  A. 
The  descent  of  A  B  increases  the  space  above  the  valve  C, 
but  as  the  plunger  B  is  larger  than  the  plunger  I,  more  water 
flows  into  A  than  it  can  accommodate ;  consequently  some  of 
it  must  ascend  through  K.  The  amount  so  passing  will  depend 
upon  the  relative  diameters  of  the  two  plungers.  In  considering 
the  quantity  pumped  during  each  stroke,  it  must  be  observed 
that  the  two  hollow  plungers  displace  just  as  much  as  if  they 
were  solid,  because  they  are  always  filled  with  water ;  therefore 
the  effective  area  of  each  is  : 

(outside  diameterXn 

Let  P  and  2^  represent  these  areas  of  the  large  and  the  small 

plunger  respectively,  and  L  the  length  of  the  stroke.    When  A  B 

makes  its  up-stroke,  a  quantity  of  water  equal  to  L/?  is  drawn 

up  into  K  ;  during  the  down-stroke  the  amount  rising  into  K  is 

equal  to  the  difference  of  the  volumes  displaced    by  the  two 

plungers — viz.,  LP-  Jjp  or  L  (P  -p).     If  it  is  desired  that  the 

delivery  shall  be  the  same  at  each  stroke,  whether  up  or  down, 

we  must  make 

Lp  =  L(P-j)). 

From  this  we  get, 

2hp  =  LP. 
P 

In  other  words,  the  area  of  the  section  of  the  small  plunger 
must  be  one-half  that  of  the  large  one.  This  is  carried  out  in 
practice  ;  in  one  of  the  large  pumps  at  Mansf  eld  the  diameter  of 
the  large  plunger  is  0*90  m.  (2ft.  ii^in.),  and  that  of  the  small 
one  0*64  m.  (2ft.  i  in.).  The  areas  are  therefore  o'63  sq.  m.  and 
0*32  sq.  m. 

It  is  possible  to  dispense  with  the  main  rod  altogether  by 
interposing  the  rising  main  between  the  two  plungers,  one 
being  placed  at  the  bottom  of  the  shaft  and  the  other  at  the 
top  ;  but  this  plan  does  not  meet  with  general  approval,  because, 
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although  it  saves  the  cost  of  a  main  rod,  it   subjects  a  long 
Fio.  S3S-  Fig.  536. 


column  of  -pipes  iilternately  to  tension  and  c 
the  result  of  trouble  from  leakages. 
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{d)  AcoeBSory  Arraagements :  — Counterbalances,  regene- 
rators, and  catches,  have  now  to  be  considered  : — 

Counterbalances. — ^The  weight  of  the  main  rod,  with  its  strap- 
ping plates  or  other  connections,  is  generally  greater  than  is 
required  for  the  purpose  of  forcing  up  the  column  of  water  in 
the  pumps,  and  overcoming  the  friction  of  the  various  parts  of  the 
machinery.  It  becomes  necessary,  therefore,  both  in  order  to 
avoid  useless  waste  of  power  in  lifting  the  main  rod,  and  to 
prevent  its  descending  with  too  great  a  speed,  to  counterbalance 
so  much  of  the  weight  as  is  not  actually  employed  in  doing 
useful  work.  The  commonest  form  of  counterbalance  is  a 
"bob "such  as  shown  in  Fig.  537.  It  is  a  beam  d  d  working 
upon  pivots  ({rudgeans)  A*,  which  lie  in  brasses ;  the  end  e,  called 
the  nose  of  the  bob,  is  attached  to  the  main  rod  by  a  long  con- 

Fio.  537. 
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necting  rod,  whilst  ^  is  a  box  which  is  filled,  or  partly  filled, 
with  old  iron  or  stones.  The  beam  is  stiffened  by  the  upright 
*'king  post"  a,  and  the  straps  hc\  ffff  are  staples  and 
glands  fastening  the  casting  m  to  the  beam,  and  i  is  the 
"  bishop's  head "  at  the  top  of  the  "  king  post."  Cast-iron 
beams,  precisely  like  the  beams  of  an  engine,  fulfil  the  same 
office  at  some  mines,  and  the  counterbalance  is  a  huge  piece  of 
cast  iron  (Fig.  544).  There  is  usually  a  "  balance  bob"  at  the 
surface,  and  others  are  fixed  at  intervals  in  large  recesses  {Jboh- 
plats)  cut  out  in  the  side  of  the  shaft. 

West  and  Darlington  introduced  the  counterbalance  shown 
in  Fig.  538 ;  a  is  a  plunger  attached  to  the  main  rod  of  the 
pump  by  a  set-off,  6  is  a  horizontal  pipe  connecting  the  two 
plunger-cases,  e  is  the  second  plunger  carrying  the  box  /,  which 
is  weighted  as  required  ;  g  g  are  its  guides.  The  slight  losses 
of  water  are  made  up  from  the  pipe  7i,  which  communicates  with 
a  cistern,  or,  when  this  method*  cannot  be  used,  a  little  plunger 
j  will  draw  up  and  force  in  the  necessary  supply.  Fig.  539 
represents  the  same  kind  of  counterpoise  applied  to  an  inclined 
shaft. 
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Hydraulic  counterpoises  have  been  Found  to  be  the  most 
advantageous  with  Uie  huge  pumping  engines  of  looo  horse- 
power at  Mansfeld.  Probably  at  no  mines  in  the  world  has  the 
question  of  pumping  on  a  large  scale  been  more  carefully 
studied  than  in  that  district,  and  the  engineers  have  come  to 
the  couclusion  that  it  is  advisable  to  make  their  wrought-iron 
rods  act  invariably  by  tension  and  never  by  compression. 
They  therefore  have  a  weight  at  the  end  of  the  rod,  and  the 

Fib.  538. 


rod  +  the  weight  must  be  so  balanced  that  the  machine  has 
no  work  but  that  of  raising  the  water  and  overcoming  the 
friction. 

Regenerators. — The  special  counterpoise  known  as  the  Boch- 
koltz  regenerator  (Fig.  540)  is  added  to  some  pumps  tor  the 
purpose  of  aiiling  the  main  rod  on  beginning  its  downward 
course,  when  it  has  not  only  to  overcome  the  weight  of  the 
water  in  the  column,  but  also  to  open  the  clackH.  The  regene- 
rator has  been  applied  on  the  assumption  that  at  this  moment 
tliere  is  an  excess  of  work,  because  the  pressure  of  the  water 
on  the  under  side  of  the  valve  is  acting  upon  a  smaller  area  than 
the  water  on  the  upper  side,  the  difference  being  the  area  of  the 
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Fig.  540. 


beat.  Bochkoltz  attaches  a  very  heavy  weight  to  the  counter- 
poise at  the  surface,  at  right  angles  to  the  beam.  If  the  balance 
beam  in  Fig.  537  is  reversed^  so  that  the  king  post  hangs  down- 
wards, and  if  a  weight  is  fixed  to  the  bishop's  head,  you  have  a 
Bochkoltz  regenerator.  In  Fig.  540  A  is  the  cylinder  of  a  Bull 
engine ;  B,  the  piston-rod ;  C,  the 
main  rod  of  the  pumps ;  D,  the 
beam ;  E,  a  weighted  box ;  F,  a 
weighted  box. 

Suppose  that  the  plunger  has 
finished  its  up -stroke.  The 
Bochkoltz  weight  now  hangs  like 
a  pendulum  about  to  begin  an 
oscillation,  and  in  descending 
under  the  action  of  gravity  it 
assists  the  main  rod  in  its  work ; 
as  it  approaches  a  vertical  posi- 
tion its  influence  is  lessened,  and 
finally  it  creates  a  resistance 
when  it  has  to  be  raised  again. 
It  does  good  at  the  beginning  of 
the  stroke  by  helping  the  weight 
of  the  rods,  and  it  does  good  at 
the  end  of  the  stroke  by  diminish- 
ing the  velocity  gradually,  and  by 
bringing  the  pumping  machinery 
to  a  standstill  without  a  shock. 
The  idea  that  there  is  an  excess 
of  pressure   upon   the   clacks   at 

first  is  not  borne  out  by  experiments,  but  the  regenerator  has 
the  advantage  of  enabling  the  engine  to  be  started  at  a  higher 
speed  than  would  be  safe  without  it ;  the  mean  speed  is  thus 
increased,  and  the  engine  is  able  to  make  a  larger  number  of 
strokes  safely  per  minute. 

The  same  effect  as  that  of  the  Bochkoltz  regenerator  is 
obtained  in  a  very  simple  manner  by  Kossigneux,  who  gives 
the  beam  a  curved  bearing  surface  *  which  rolls  upon  a  plane 
(Figs.  541  and  542).  By  this  device  the  ratio  of  the  lengths 
of  the  two  arms  of  the  beams  is  always  varying  :  at  the  com- 
mencement of  the  down-stroke,  the  weight  of  the  main  rod  is 
acting  with  a  long  leverage  compared  with  that  of  the  counter- 
poise, at  the  end  of  the  stroke  the  conditions  are  reversed.  The 
excess  of  pressure  due  to  the  length  of  leverage  accelerates  the 
motion  at  first,  and  then,  as  this  leverage  diminishes,  the  weight 
of  the  counterpoise  becomes  more  and  more  felt  and  the  rod  is 


*  Two  teeth  on  this  engage  holes  in  the  flat-bearing  surface  below  and 
prevent  displacement. 
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stopped  gradually.  The  same  effects  occur  during  the  up- 
stroke of  the  main  rod.  The  counterpoise  begins  by  acceler- 
ating the  motion,  then  its  influence  is  less  and  less  felt  until 
the  rod  stops.  Bossigneux's  system  can  be  applied  to  any 
existing  beam  with  comparatively  little  expense ;  indeed,  it  was 
first  adopted  in  the  case  of  a  Cornish  pumping  engine,  which 
was  becoming  incapable  of  coping  with  an  additional  influx 
of  water,  owing  to  the  deepening  of  the  shaft.  The  variable 
counterpoise  rendered   it  possible  to  increase  the  number  of 


Fig.  541. 


strokes  per  minute  with  safety,  and  so  enabled  the  engine  to 
do  more  work. 

Catches. — Provision  must  be  made  for  a  possible  breakage  of 
the  main  rod,  which  might  have  very  disastrous  resulte  for 
the  mine.  If  such  an  accident  happened  without  any  of  the 
ordinary  safeguards,  the  beam  would  come  down  with  great 
force  and  play  havoc  in  the  engine-house,  whilst  the  main 
rod  dropping  in  the  shaft  would  be  sure  to  do  damage  to 
the  pumps. 

The  indoor  end  of  the  engine-beam  is  therefore  fitted  with  two 
projecting  arms  of  iron,  which  come  down  so  as  almost  to  touch 
two  strong  beams  at  every  stroke ;  if  a  breakage  happens,  they 
arrest  the  motion  of  the  engine-beam  before  it  has  had  time  to 
do  any  harm. 
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Cfttehes  are  fllao  filed  jn  the  ah&ft ;  they  are  strong  beams  of 
timber  c  c  (Fig.  543,  and  S,  FigR.  546  to  550),  stretchiug  across 
the  shaft  and  resting  in  good  "  hitches,"  with  the  main  rod  a 
working  between  them.     The  wings  b  h  are  attached  to  the  main 
rod  by  straps  with  bolts  ("staples  and  glands"),  and  are  so 
adjusted  that  the  end  of  the  wing  almost  touches  the  catch  at  the 
end  of  each  down-stroke  of  the  rod.     A  catch  of  this 
kind  limita  the  possible  fall  of  the  main  rod  to  the     Fjc.  543. 
length  of  the  stroke.    Catches  placed  in  the  reverse 
direction  are  also  useful  in  supplementing  the  action 
of  those  placed  upon  the  beam  in  the  engine-house. 

Lastly,  it  must  be  recollected  that  large  pumping 
machinery  requires  tackle  capable  of  dealing  with 
heavy  weights  which  have  to  be  moved.  High 
shears  erected  at  the  top  of  the  pit  enable  pieces  of 
main  rod,  often  60  feet  in  length,  or  heavy  H- 
piecea,  to  be  raised  and  lowered  by  means  of  a 
strong  hempen  or  steel  rope  worked  by  a  capstan 
moved  by  men,  or  better  by  a  drum  driven  by  a 
special  steam  engine. 

Hammer,  of  Mansfeld,  strongly  recommends 
that  every  large  pumping  engine  should  have  its 
hydraulic  press  for  lifting  the  beam,  when  changing 
the  brasses  or  making  repairs,  the  slight  extra  cost 
being  amply  repaid  by  the  convenience  of  having 
such  an  appliance  always  ready  at  hand  ;  a  similar 
press  for  i-aising  the  heavy  fly-wheel,  if  used,  is  likewise 
desirable. 

Pumping  Plant.— After  these  general  considerations  about 
pumps,  it  will  he  well  to  take  an  example  and  show  how  the 
various  parts  are  combined  in  order  to  carry  on  the  work  of 
drainage.  The  seven  Figs.,  544  to  550,  illustrate  the  pump- 
ing plant  at  Shakemantle  mine  in  the  Forest  of  Dean,  erected 
by  Mr.  Thomas  Smith,  the  manager,  who  has  kindly  furnished 
drawings. 

The  shaft  is  oval,  21  feet  6  inches  by  1 1  feet  6  inches  ;  it  is 
"  steened "  or  walled  from  top  to  bottom  with  sandstone,  the 
stone  being  set  in  ordinary  mortar  where  the  ground  is  dry,  and 
in  hydraulic  mortar  where  it  is  wet.  The  engine  is  a  low- 
pressure  condensing  beam  engine,  with  a  70-inch  (rSo  ra.) 
cylinder  A,  working,  with  a  12-foet  (3-65  m.)  stroke,  tho  heavy 
fly-wheel  U,  which  can  be  driven  at  as  slow  a  speed  as  three 
revolutions  a  minute.  The  main  rod  0  is  made  of  round  wruught- 
iron  8  inches  in  diameter  at  the  top,  diminished  gradually  to  6 
inches  at  the  bottom.  1)  is  a  beam  or  "  bob  '*  for  counterhalanc- 
ing  BO  much  of  their  weight  as  is  not  required  for  raising  the 
water  and  overcoming  friction.  There  are  three  plungers,  each 
37  inches  (o'686  m.)  in  diameter,  arranged  in  a  straight  line  with 
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the  main  rod;  this  is  managed 
by  attaching  the  rod  to  a  cross- 
head  E  (Fig.  547)  above  each 
plunger,  and  bringing  down  two 
rods  F  F,  one  on  each  side  of 
the  H -piece  G,  to  a  lower 
crosshead  E' — from  which  the 
main  rod  is  continued  in  the 
same  line  as  before.  The  other 
parts  are  as  follows  :  H,  plunger ; 
I,  cast-iron  supporting  girder, 
resting  upon  cast-iron  shoes 
built  into  the  sides  of  the  shaft ; 
J,  cistern  made  of  cast-iron 
plates  bolted  together,  with  the 
joints  lined  with  cement,  and 
screwed  down  to  the  top  of  the 
column  K ;  L  (Fig.  546),  spring 
to  steady  the  cistern ;  M,  hanging 
rods  which  have  the  same  object ; 
N,  wind-bore  in  the  cistern; 
0,  wind-bore  at  the  bottom  of  the 
shaft ;  P,  the  door  for  changing 
the  bottom  valve;  Q,  door  for 
changing  the  top  valve ;  R,  door 
to  a  butterfly  valve,  which  keeps 
up  the  water  in  the  column  while 
the  valve  at  Q  is  being  changed  ; 
S,  beams  across  the  shaft  to 
catch  the  rod  by  the  cross-plates 
T  in  case  of  a  breakage ;  XJ,  air- 
chamber. 

The  general  substitution  of 
iron  for  timber  effects  a  great 
economy  of  space  in  the  shaft; 
the  fly-wheel,  which  prevents  any 
jerk  at  the  beginning  of  a 
stroke,  the  air-chambers,  and  the 
arrangement  of  the  plungers  in 
the  same  straight  line  as  the 
rods,  all  aid  in  securing  a  free- 
dom from  vibration  and  a  smooth- 
ness of  motion  which  are  highly 
conducive  to  good  working.  The 
result  is  that  the  dryness  of 
the  shaft  and  the  absence  of 
noise  are  remarkable,  consider- 
ing the  large  quantity  of  water 
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lifted — viz.,  nearly  looo  gallons  (4^  cubic  metres)  of  water  per 
minute  when  the  engine  is  going  at  the  speed  of  onl  j  4  strokes. 
Some  idea  will  be  gained  of  the  massiveness  of  the  pit- work  by 
mentioning  that  the  H -piece  alone  weighs  16^  tons. 

Olaas  II.— Force  Pumxw  worked  bv  an  Engine  at  or  near 
the  bottom  of  the  Workings.— The  advantage  of  being  able  to 
dispense  with  the  ponderous  main  rod,  its  counterpoises,  catches, 
and  succession  of  plungers,  is  only  too  obvious,  to  say  nothing  of 
economy  in  first  cost  and  more  speedy  erection ;  and  this  second 
class  of  pumping  machinery  is  being  more  and  more  largely  used 
where  circumstances  admit  of  its  adoption.  The  objection  to 
the  system  is  the  danger  of  the  machinery  being  *^  drowned," 
and  so  rendered  useless^  by  any  unusual  influx  of  water,  because 
a  mishap  of  this  kind  would  involve  the  erection  of  new  pump- 
ing plant  for  draining  the  mine.  Where  the  engine  is  at  the 
surface,  such  a  contingency  as  the  drowning  or  partial  drowning 
of  the  workings  is  not  irremediable.  It  was  this  consider- 
ation which  led  the  authorities  at  Mansf  eld  to  have  some  of  their 
engines  above  ground  ;  for  in  that  district  huge  cavities  full  of 
water  (ScMfdten)  may  be  encountered  unexpectedly  at  any 
moment  and  for  a  time  overpower  all  the  available  pumping 
plant.  On  the  other  hand,  at  Mechernich,  under  difiPerent  con- 
ditions, the  Cornish  engines  at  the  surface  have  been  given  up 
and  replaced  with  great  advantage  by  underground  machines. 

Underground  prime  movers  are  steam  engines,  water-power 
engines,  and  petroleum  engines. 

The  steam  may  be  generated  above  or  below  ground  ;  if  the 
boilers  are  placed  above  ground,  great  care  has  to  be  taken  in 
jacketing  the  steam  pipe  which  comes  down  the  shaft,  in  order 
to  prevent  loss  of  heat  by  radiation  and  the  consequent  unpro- 
fitable expenditure  of  fuel. 

It  is  necessary  to  mention  two  types  of  engines  which  are  most 
commonly  met  with  :  (i)  horizontal  engines  without  fly-wheel; 
(2)  horizontal  engines  with  fly-wheel.  The  engine  may  be  simple 
or  compound,  but  the  latter  class  is  naturally  more  in  repute. 

(1)  In  this  first  class  comes  the  differential  engine  of  Davey, 
which  has  been  already  described  in  speaking  of  engines  used  at 
the  surface.  Instead  of  working  the  pump  by  the  intermediary 
of  the  bob  and  the  main  rod,  the  plunger  is  attached  in  a  line 
with  the  piston-rod,  and  forces  the  water  up  the  column.  The 
height  to  which  such  a  column  can  be  taken  is  governed  by  the 
strength  of  the  pipes,  and  the  difficulties  of  making  joints 
sufficiently  tight  to  resist  pressures  measured  by  hundreds  of 
pounds  to  the  square  inch.  At  La  Louviere  mine  in  Belgium 
the  column  is  630  yards  (576  m.)  high,  and  probably  there  are 
few  much  higher  than  this  at  the  present  day  ;  such  a  column 
means  a  pressure  at  the  bottom  of  55*6  atmospheres,  or  817 
pounds  to  the  square  inch. 
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Davey  providea  for  the  possible  drowoing  oE  the  lower  part  of  a 
mine,  through  an  inrush  or  unusual  influx  of  water,  by  placing 
hia  main  engine  iLt  a  RufScient  height  above  the  bottom  to  render 
it  practically  safe  from  flooding ;  he  lifts  the  water  to  it  from 


e  3 


the  bottom  by  means  of  an  auxiliary  pump.  This  latter  pump  is 
worked  by  hydraulic  power  transmitted  by  pipes,  and  it  will 
perform  iu  work  efficiently  even  if  it  is  drowned. 

There  are  many  of  these  direct-acting  pumps  without  fly- 
wheels in  the  market,  sunh  as  those  of  Evans,  Knowles,  Tangye, 
and  Worthington,  which  have  won  world-wide  popularity. 
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(2)  Fly-wheels  are  added  in  order  to  secure  that  smooth  and 
regular  action  which  is  so  conducive  to  the  efficiency  of 
machinery.  Figs.  551  and  552  give  a  general  idea  of  one  of  the 
underground  pumping  engines  at  Mansfeld.  It  is  a  horizontal 
compound  engine  working  four  plungers  or  rams.  A  is  the  high- 
pressure  cylinder,  2  feet  11^  inches  (900  mm.)  in  diameter,  B 
the  low-pressure  cylinder,  3  feet  9^^  inches  (i  '150  m.)  in  diameter, 
C  is  the  fly-wheel,  D  and  E  are  crossheads  connected  hy  the  rods 
¥  and  G,  and  similarly  H  and  I  are  crossheads  connected  by  the 
rods  J  and  K ;  L  M  N  O  are  the  four  rams,  each  9^  inches 
(o'2  5  m.)  in  diameter,  having  the  same  stroke  as  the  pistons 
of  the  engine,  4  feet  i^  inch  (1*250  m.).  P  P'  and  Q  Q'  are 
delivery  pipes  leading  to  a  main  delivery  pipe  R,  which  goes  to 
the  rising  main  in  the  shaft.  When  the  engine  is  working  at 
the  rate  of  30  revolutions  per  minute,  it  is  calculated  that  it 
raises  1540  gallons  (7  cuhic  metres)  of  water  per  minute  to  a 
total  height  of  612  feet  (186*5  ^*)'  ^^^  specific  gravity  of  the 
water  is  1*2. 

This  type  of  pumping  engine  is  likewise  found  satisfactory  in  all 
respects  at  Mechernich.  When  a  Cornish  engine  was  employed 
the  consumption  of  coal  was  4  kil.  per  efiPective  horse-power, 
measured  in  water  actually  raised,  now  it  is  only  2*1  kil.  A 
strong  door  is  erected  outside  the  pump-room,  which  can  he 
closed  so  as  to  shut  it  off  for  some  time  even  when  the  water 
rises  considerably. 

Riedler  bases  his  system  of  constructing  pumps  upon  some  of 
the  same  considerations  as  those  which  guided  Burckhardt  and 
Weiss  in  improving  air-compressors ;  he  controls  his  valves  by 
gearing,  and  so  secures  the  advantage  of  driving  his  pumps  at 
very  much  higher  speeds  than  are  possible  with  valves  which 
both  open  and  close  themselves.  As  in  the  case  of  the  air- 
compressor,  this  rapidity  of  stroke  enables  a  smaller  machine  to 
be  employed  for  doing  a  given  amount  of  work. 

Various  modifications  of  the  Riedler  valve-gear  have  been 
applied  to  pumps  of  different  types.  Ordinarily,  only  two  simple 
disc  valves  are  used,  one  for  suction,  and  the  other  for  the 
delivery,  on  the  principle  that  one  large  valve  opening  facilitates 
the  construction  and  upkeep,  and  gives  rise  to  less  resistance  to 
the  water  flow,  than  when  a  number  of  smaller  valves  of  equi- 
valent opening  is  employed.  In  order  further  to  reduce  the 
resistance,  the  valves  have  a  full  lift,  i.e.  rather  more  than  a 
^  diameter  of  the  waterway.  This  large  lift  is  reduced  to  a  very 
small  amount  before  the  end  of  the  stroke  by  the  operation  of 
the  valve-gear,  and  the  shock  due  to  the  sudden  drop  of  the 
valve  from  a  higher  position  is  thus  avoided.  The  mechanical 
closure  renders  the  full  lift  permissible  at  a  high  pumping  speed, 
and  further,  the  valve  can  be  lighter  as  it  does  not  depend  on 
its  own  weight  to  close  it.     Thus  the  closing,  and  the  almost 
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total  absence  of  "  slip  "  are  ensured,  the  resistance  to  flow,  and 
the  concussion  of  valve  minimised,  and  higher  piston  speed  and 
increased  number  of  strokes  made  possible.  From  the  higher 
piston  speed  results  a  greater  efficiency  of  the  steam  engine. 

Fig  553  shows  a  section  of  a  Riedler  differential  pump,  which 
is  to  ^1  intents  and  purposes  a  double-acting  one,  with  the 
advantage  of  having  one  long  plunger  and  only  two  valves. 
The  main  end  F  of  the  plunger  has  twice  the  area  that  the 
differential  surface  p  haa  When  the  plunger  moves  to  the 
right,  the  suction  valve  A  is  closed,  while  the  valve  B  is  opened, 


and  through  1!  passes  a  quantity  of  water  =  2  p  h  (where  L  = 
length  of  stroke),  but  the  withdrawal  of  the  thicker  part  of  the 
plunger  from  the  case  D,  makes  room  for  half  this  quantity,  viz., 
p  L,  so  that  only  the  remaining  half  =^  L  is  discharged. 

When  the  plunger  goes  to  the  left  a  quantity  2  jo  L  is  drawn 
in  during  the  retreat  of  P  from  the  case  0,  while  a  quantity^  L 
is  forced  up  the  delivery  by  the  motion  of  the  plunger  in  the 
other  ca-se  U.  Thus  equal  quantities  are  discharged  both  on  the 
back  and  forward  strokes. 

Special  Forms  of  IClne  Pumps. — In  addition  to  the  pumps 
described,  certain  special  forms  are  employed  in  mines. 

Pulsoineter. — The  pulsometer  (Fig.  554)  is  a  form  of  pump 
used  at  mines  for  heights  not  exceeding  70  or  80  feet,  and 
usually  only  for  temporary  porposea.    The  steam  arriving  by 
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tho  pipe  e  presses  directly  upon  the  surface  of  the  water  in  a 
chamber  a,  and  drives  it  through  an  opening  d  and  a  valve  into 
the  rising  main.     When  the  discharge  is  all  but  complete,  the 
steam    passing    with    the 
Fio.  554.  water  through  d  creates  a 

disturbance  and  in  conse- 
quence is  condensed  -  this 
causes  a  ball-valve  /  at 
the  top  of  the  adjoining 
chamber  to  pass  over  and 
shut  off  the  entrjr  of  the 
steam.  The  steam  now 
enters  the  adjoining  cham- 
ber, and,  acting  as  before, 
forces  its  contents  up  the 
rising  main.  In  the  mean- 
time the  steam  in  the  first 
chamber  is  being  con- 
densed, and  its  place  is 
taken  by  water  drawn  up 
the  suction  pipe  e  ;  b  i.s  an 
air-chamber,  <j  g  are  the 
suction  ■  valves,  and  h  h 
stops  which  arrest  them. 
The  action  is  repeateil 
first  in  one  chamber  and 
then  in  the  other,  so  that 
a  continuous  stream  of 
water  is  forced  up. 

The  pulsometer  will 
pump  muddy  or  gritty 
water,  it  occupies  little  space,  is  very  poi'table,  and  is  easily 
fixed  ;  in  (act,  it  may  even  be  hung  in  a  shaft  from  a  chain  ; 
it  disposes  of  its  own  exhaust  steam,  it  requires  no  special 
attendant,  and  so  long  as  it  is  supplied  with  steam  it  will  go 
on  working,  In  the.se  circumstances  it  is  evident  that  the 
pulsometer  is  capable  ot  rendering  very  useful  services  to  the 

Centrifugal  Puiiipx. — These  pumps  are  especially  suitable 
when  lui^e  quantities  of  water  have  to  be  raised  to  a  small 
height,  not  excee<)ing  So  feet.  Based  on  the  same  principle.': 
as  the  centrifugal  fans  used  for  ventilation,  they  are  simple, 
have  few  wearing  parts,  and  bike  up  little  room.  As  they  have 
to  be  driven  at  a  high  speed  the  asle  of  the  pump  may  be 
coupled  directly  to  an  electric  motor  or  to  a  steam-turbine. 
For  heights  of  more  than  80  feet,  two  or  more  centrifugal 
pumps  are  employeil,  the  second  pump  taking  the  water  from 
the  first,  and  the  third  from  the  second,  and  so  on.     Pumps  of 
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this  kind  may  be  used  in  sinking  shafts,  and  thoy  can  con- 
veniently be  hung  from  chains. 

A  striking  example  of  the  use  of  centrifugal  pumps  for  high 
lifts  is  afforded  by  the  plant  made  by  Sulzer  of  Winterthur 
for  the  silver-lead  mines  of  Horcajo,  Spain,  for  pumping  1000 
gallons  per  minute  from  a  depth 
of  1450  feet.  There  are  four 
quadruple  centrifugal  pumps, 
consisting  of  four  pump  discs  on 
the  same  shaft  and  in  the  same 
housing,  each  disc  being  capable 
of  lifting  about  125  feet.  A 
somewhat  similar  type  of  pump 
is  made  by  Mather  and  Flatt. 

In  the  Witwatersrand  gold 
mines  Cornish  pumps  were  for- 
merly used  almost  exclusively ; 
but  recently  electrically-driven 
plunger  pumps  have  been  largely 
adopted,  and  for  high  lifts  atten- 
tion i^  being  given  to  electrically- 
driven  multiple-disc  centrifugal 
pumps. 

The  Pohle  Pump,  —  Where 
compressed  air  is  laid  on  in  a 
mine,  it  is  easy  to  employ  it  for 
working  direct-acting  pumps ; 
but  water  may  be  raised  in  a 
still  simpler  fashion  by  the 
Pohle  pump,  which  is  giving 
satisfaction  at  mines  in  Colorado. 
It  is  merely  a  pipe  full  of  wator 
with  a  jet  of  air  at  the  bottom. 
A  B  (Fig.  555)  is  the  so-called 
well,  a  piece  of  ordinary  wrought- 
iron  pipe  3  inches  in  diameter  ; 
it  is  connected  by  a  bend  to 
the  T-piece  C,  through  the 
bottom  of  which  passes  a 
piece   of   J-inch  pipe,  bringing 

in  air  at  a  pressure  varying  from  30  to  70  lbs.  per  square 
inch.  The  water-column  proper  is  made  of  2-inch  pipe, 
DBF,  which  turns  over  at  the  top  and  discharges  into 
another  well  G.  The  height  from  the  bottom  of  C  to  the  top 
of  the  water  in  G  is  100  feet,  but  as  the  level  of  the  top  of 
the  water  in  the  well  A  B  is  50  feet  above  C,  the  actual  lift 
effected  by  the  air  is  only  50  feet.  By  a  succession  of  such 
lifts  the  water  can  be  raised  to  any  desired  height.     This  pump 
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uommends  itself  by  its  simplicity,  but  its  efficiency  is  not  very 
bigb. 

The  Pohle  pump  can  be  used  as  an  ftuziliary  to  feed  a  steam 
pump  placed  at  a  lugber  level  to  save  it  from  "  drowning,"  or 
again  it  may  be  occasionally  convenient  to  lower  a  pipe  •  baling 
—mpressed     air 


1  un  water- 


to  assist  i 
ingit 

For  some  time 
past  Messrs.  Evans 
and  Yeitcli  have 
been  raising  water 
at  Cae  Gocb  mine, 
in  Oarnarvonsbire, 
by  the  direct  action 
of  compressed  air. 
Their  latest  pump 
(Figs.  556  and  557) 
consists  of  two  forc- 
ing chambers  A  and 
A'  submerged  in 
water,  each  provided 
with  an  inlet  valve, 
B  and  B',  and  a 
discharge  valve,  C 
and  C,  which  lead 
into  u  common 
rising  main,  D. 
Compressed  air, 
brought  into  the 
two  chambers  alter- 
nately by  the  pipes 
E  and  E',  presses 
upon  the  surface  of 
the  water  and  forces 
it  up  the  pipe  F  or 
F'intoD.  The  com- 
pressed air  is  turned 
alternately  into  E 
or  E'  by  tbe  action 
of  a  valve  woriced 
by  tbe  independent  cylinder  O,  placed  in  any  convenient 
situation.     H  (Fig.  557)  is  a  pipe  bringing  air  from  tbe  com- 

*  Information  supplied  by  Mr.  A.  G.  Payne,  Assoc.  R.8.U. 


DRAINAGE.  503 

pressor  to  the  valve-chest  I,  with  its  piston- valve  J.  In  the 
position  shown,  E'  is  receiving  air  by  the  port  e',  whilst  E  com- 
municates with  atmosphere  through  e.  The  valve  J  is  moved 
by  the  tappets  K  K^,  which  are  struck  by  the  crosshead  L, 
attached  to  the  rod  which  is  common  to  the  two  pistons  M 
and  N.  O  is  the  piston-valve  admitting  compressed  air  into 
the  cylinder  G  from  the  pipe  P ;  it  is  worked  by  the  tappets 
K^  K2.  The  cylinder  Q  is  full  of  oil,  which  can  be  drawn  from 
one  side  to  the  other  by  the  piston  N  if  the  cock  R  is  open. 
The  travel  of  the  piston  in  N  can  be  regulated  by  the  cock ; 
the  more  nearly  it  is  closed  the  slower  will  the  piston  move. 
In  order  to  make  sure  that  the  valve  O  shall  not  stick  partly 
open,  two  sets  of  holes,  9^  a^  ^  8*,  are  provided,  and  when  the 
piston  passes,  for  instance,  between  s^  and  s^,  the  oil  can  make 
its  way  round  without  going  through  the  cock;  the  decrease 
in  the  resistance  quickens  the  stroke  and  makes  it  sharp  and 
decisive  at  the  end. 

With  the  object  of  economising  the  compressed  air,  the  in- 
ventors propose  in  some  cases  to  take  the  exhaust  from  the 
pipes  £  and  E'  direct  to  the  compressing  cylinder,  allow  it  to 
expand  behind  the  piston,  and  so  return  a  little  of  the  power 
expended  in  compressing  it.  The  two  chambers  A  A'  may 
very  well  be  joined  together  in  one  casting,  as  they  are  in 
the  pulsometer,  and  they  may  of  course  be  far  more  deeply  sub- 
merged than  is  shown  in  the  figure. 

The  Express  Pwnp. — While  the  commonest  type  of  electrically- 
driven  pump  is  that  in  which  a  high  speed  motor  drives  a  three- 
throw  plunger  pump  by  the  intervention  of  speed-reducing 
gearing,  so  that  the  crank-shaft  makes  not  more  than  60  or  70 
revolutions  per  minute,  attempts  have  been  made  to  do  away 
with  the  gearing  and  its  attendant  inconveniences,  and  drive 
the  pump  directly  from  the  motor  shaft. 

To  attein  this  end  Professors  Riedler  and  Stumpf  in  1899 
modified  the  Riedler  pump,  and  their  *'  Express "  pump  (Fig. 
558)  can  be  successfully  run  at  as  high  a  speed  as  200  strokes 
per  minute  against  a  head  of  more  than  1700  feet  (520  m.),  or 
even  up  to  a  speed  of  300  strokes  per  minute  against  a  lesser 
head,  and  so  can  be  coupled  directly  to  an  electro-motor  or  other 
high-speed  prime  mover. 

Both  single-acting  and  differential  pumps  of  this  class  are 
made,  but  the  differential  type  is  the  one  more  commonly 
applied.  The  chief  points  of  difference  between  the  "  Express  " 
pumps  and  the  type  previously  described  may  now  be  noted.  The 
plunger  P  when  moving  in  the  opposite  direction  to  that  shown- 
by  the  arrow,  draws  in  water  through  the  annular  suction 
valve  S,  which  is  concentric  with  the  plunger.  The  suction  valve 
is  extremely  light  and  is  not  loaded  with  springs,  consequently 
it  offers  little  resistance  to  the  inflowing  water.     As  the  plunger 
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reachetj  the  end  of  tliiis  litroke,  it  catches  the  valve  and  securely 
closes  it  by  means  of  ito  appendage  A.  On  the  reverse  stroke 
tbe  delivery  valve  1>  iii  opened,  and  the  water  is  discharged  into 
a  chamber  connected  with  the  rising  main  and  tbe  large  air- 
chamber  B.  The  delivery  valve  is  also  ring-shaped,  and  it  both 
opens  and  closes  automatically.     It  also  ifi  made  very  light,  and 

Via.  ssS. 


is  loaded  by  means  of  rubber  springs  which  are  brought  more 
and  more  into  tension  as  the  valve  opens. 

Wool!  generally  enters  largely  into  the  construction  of  these 
valves,  a  feature  which  contributes  not  only  to  the  lightness  of 
the  valve,  an  important  matter  where  the  working  speed  is 
high,  but  also  to  the  ease  with  which  repairs  can  be  effected. 

In  addition  to  the  two  valves,  another  pecularity  of  the 
Biedler  Express  pump  is  the  suction  air-chamber  C,  in  which 
the  water-level  is  kept  constantly  above  the  suction  valve. 
Consequently  a  quantity  of  water  under  a  certain  pressure  is 
always   in   readiness  to  pass   the   auction  valve.     This  device 
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is  said  to  be  desirable  in  order  to  prevent  interruptions  in 
the  suction  column  when  the  pump  is  running  at  a  high 
speed. 

Experience  has  shown  that  the  stuffings  have  great  durability 
and  that  there  is  very  little  **  slip.*'  Owing  to  the  speed  of  the 
pump,  it  can  be  employed  to  do  the  work  usually  done  by  a 
much  larger  machine  of  the  ordinary  slow-running  type.  Its 
relatively  small  size  renders  it  specially  applicable  for  under- 
ground use. 

The  quick-running  electric  Schleifmiihle  Express  pump  made 
by  Ehrhardt  and  Sehmer,  which  is  a  twin  double  plunger  pump, 
with  a  stroke  of  15^  inches  and  a  plunger  diameter  of  5^  inches, 
running  at  146  revolutions  a  minute,  will  raise  660  gallons 
of  water  to  a  height  of  1 706  feet  in  that  time. 

For  high-speed  pumps,  a  simple  and  light  valve  has  been 
devised  by  Gutermuth.  It  consists  of  a  thin  sheet  of  metal,  of 
which  one  end  is  coiled  to  form  a  spring,  whilst  the  other,  which 
remains  flat,  foims  the  valve  proper. 

Pomps  for  Sinking. — Any  well-constructed  pump  can  be  used 
during  sinking,  but  special  types  of  vertical  pumps  are  manu- 
factured for  this  purpose.  They  are  suspended  in  the  shaft 
and  lowered  as  the  sinking  proceeds.  In  the  Cameron,  Deane, 
Evans,  Knowles,  and  Worthington  sinking  pumps,  a  centre- 
packed  plunger  is  directly  connected  with  the  piston  from  which 
it  obtains  its  power.  In  the  United  States  large  vertical  pumps 
with  compound  cylinders  arranged  tandem  are  in  use  in  some 
mines. 

Electrically-driven  sinking  pumps  are  on  the  market ;  but 
they  have  not  yet  been  very  extensively  employed. 

Duty. — In  accounts  of  pumping  engines  the  student  will 
often  meet  with  the  expression  "  duty."  This  term  means 
the  number  of  pounds  of  water  raised  i  foot  high  by  the  con- 
sumption of  1 1 2  pounds  of  coal ;  as  used  by  Watt  the  quantity 
of  coal  was  i  bushel,  reckoned  at  94  pounds.  In  the  early  part 
of  the  nineteenth  century  much  interest  was  evinced  in  Cornwall 
with  reference  to  the  work  done  by  the  various  pumping  engines 
of  the  county,  and  there  was  great  rivalry  among  the  engineers, 
who  vied  with  each  other  in  getting  the  highest  duty  from  the 
engines  and  the  machinery  under  their  charge.  The  conse- 
quence of  various  improvements  in  engines  and  boilers  resulted 
in  reaching  duties  which  approached,  and  even  for  short  periods 
exceeded,  114  millions. 

The  performance  of  each  engine  was  ascertained  by  attaching 
a  counter  to  the  beam,  which  registered  the  number  of  its 
oscillations ;  the  counter  was  kept  under  lock  and  key  and 
examined  monthly  by  an  independent  observer.  The  number 
of  strokes  made  by  the  engine  was  thus  known.  The  work  done 
in  pumping  was  calculated  from  the  number  and  depth  of  the 
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various  lifts,  the  size  of  the  plungers  and  the  stroke  of  the 
engine,  and  a  record  was  kept  of  the  amount  of  coal  consumed. 
With  these  data  the  duty  could  be  determined,  and  the  figures 
were  published  every  month.  Nowadays  this  spirit  of  emulation 
among  Cornish  agents  seems  to  have  disappeared,  few  engines 
are  '*  reported,''  and  the  duties  recorded  do  not  as  a  rule  exceed 
50,  60,  or  70  millions. 

Though  the  knowledge  of  the  duty  is  valuable  in  indicating 
the  general  efficiency  of  the  pumping  plants  the  mere  deter- 
mination of  this  figure  does  not  give  all  the  information  that 
ought  to  be  in  the  hands  of  the  mining  engineer,  for  it  does  not 
tell  him  where  he  can  and  should  make  improvements.  When 
he  finds  a  difference  in  the  respective  '*  duties  "  of  two  pumping 
engines  at  his  mine,  there  is  nothing  to  tell  him  whether  the 
fault  of  the  less  effective  plant  lies  in  the  coal,  the  engines, 
the  boilers,  the  transmitting  arrangements,  or  the  pumps  them- 
selves. It  is  important,  therefore,  that  the  engines  should  be 
indicated,  and  that  the  indicated  horse-power  of  the  engine 
should  be  compared  with  the  actual  useful  effect  in  water  raised. 
Hammer  has  found  that  the  power  consumed  in  some  cases  by 
the  mere  friction  of  the  guides  in  the  shaft  is  as  much  as  24  to 
30  per  cent,  of  the  total  power  given  out  by  the  engine.  Too 
much  importance  cannot,  therefore,  be  paid  to  the  accurate 
fixing  of  the  main  rod  and  its  guides. 

Slip. — In  calculating  the  delivery  of  a  plunger  it  is  usual  to 
make  an  allowance  for  the  running  back  of  some  of  the  water 
through  the  valve,  from  its  not  closing  completely  when  the 
down-stroke,  commences.  This  is  what  is  known  as  '^  slip,"  and 
it  is  sometimes  estimated  at  20  per  cent,  of  the  actual  delivery, 
though  in  reality  scarcely  appreciable  in  the  best  pumps. 

Co-operative  Pumping. — Owing  to  the  subdivision  of  pro- 
perty in  Great  Britain  and  want  of  appreciation,  of  the  import- 
ance of  the  subject,  too  little  attention  has  been  paid  to  what 
may  be  called  co-operative  drainage.  One  successful  application 
of  the  principle,  the  Halkyn  Tunnel,  has  been  mentioned,  and 
another  instance  deserves  to  be  noticed,  though  in  this  case  the 
mineral  is  coal.  The  South  Staffordshire  Mines  Drainage  Com- 
mission is  a  corporate  body  constituted  under  several  Acts  of 
Parliament,*  for  the  purpose  of  facilitating  the  drainage  of 
mines  in  parts  of  South  Staffordshire  and  East  Worcestershire. 
The  Commissioners  have  power  under  their  Acts  to  levy  a  rate 
of  gd.  for  every  ton  of  coal,  slack,  and  ironstone  raised  within 
a  certain  district,  and  3d.  for  every  ton  of  fireclay  and  limestone. 

It  is  not  merely  by  erecting  pumping  engines  of  the  most 
approved  and  economical   types    at   suitable   centres  that  the 

*  36  &  37  Vict.,  c.  150  ;  41  &  42  Vict.,  c  81  ;  45  &  46  Vict,  c.  131  ; 
54  &  55  Vict.,  c,  135. 
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Commissioners  have  done  good  work ;  but  the  results  of  their 
labours  in  preventing  surface  water  from  finding  its  way  down 
are  well  worth  recording.  To  use  their  own  words,  "  By  carry- 
ing out  surface  drainage  works,  such  as  rendering  water-tight 
the  canals  and  streams  throughout  the  district,  draining  large 
ponds  of  accumulated  water  on  the  surface,  diverting  or  en- 
larging such  watercourses  as  caused  overflows  in  seasons  of 
great  rainfalls,  and  such  other  works  as  were  necessary  to 
reduce  the  volume  of  water  flowing  into  the  mines  by  percolation 
to  a  minimum  amount,"  they  reduced  "  the  average  quantity  of 
water  which  has  to  be  pumped  in  the  Tipton  district  every 
24  hours  from  22,705,000  gallons  in  1875  ^  11,643,000  in  1882, 
a  decrease  of  nearly  50  per  cent."  When  considering  this 
remarkable  and  very  satisfactory  result,  the  special  circum- 
stances of  the  district  must  not  be  left  out  of  sight.  In  no 
mining  district  i^  this  country  are  the  effects  of  subsidence 
more  apparent  than  they  are  in  places  where  the  thick  coal  of 
South  Staffordshire  has  been  worked  underneath,  and  therefore 
the  cracked  and  fissured  overlying  strata  were  ready  to 
exaggerate  the  evils  of  percolation  ;  but  at  the  same  time  this 
very  fact  rendered  the  application  of  a  remedy  all  the  more 
difficult. 

According  to  the  annual  report  published  in  1904,  40  tons  of 
water  were  raised  for  every  ton  of  mineral  extracted  from  the 
mines,  and  at  a  cost,  so  far  as  the  Commissioners'  engines  were 
concerned,  of  0*23  of  a  penny,  or  less  than  one  farthing,  per  ton 
of  water  raised. 
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CHAPTER    X. 

VENTILATION. 

ATMOSFHEBE  OF  MINES. — The  composition  of  the  air 
of  the  atmosphere  is  about  one-fifth  by  volume  of  oxygen  and 
four-fifths  of  nitrogen,  with  a  little  carbonic  acid  gas;  more 
exactly,  the  standard  amount  of  oxygen  may  be  taken  at  20*9, 
and  that  of  the  carbonic  acid  gas  at  0*03  to  0*04  per  cent 

The  atmosphere  of  mines  is  subject  to  various  influences 
which  are  constantly  rendering  it  less  fit  for  supporting  life; 
not  only  do  noxious  gases  escape  from  the  rocks  into  the 
underground  excavations,  but  the  very  agents  themselves 
employed  in  the  execution  of  the  work  pollute  the  air  con- 
siderably. 

Gases  sometimes  given  off  in  the  mines  are :  carbonic 
acid,  marsh  gas,  nitrogen,  sulphuretted  hydrogen,  and  the 
vapours  of  mercury  and  volatile  hydrocarbons.  Carbonic  oxide 
is,  as  a  rule,  only  encountered  after  mine  explosions  and 
underground  fires. 

Carbonic  Acid  is  known  to  exude  from  coal,  and  is  also  met 
with  in  beds  and  veins  of  other  minerals.  It  is  common,  for 
instance,  in  the  Sicilian  sulphur  mines,  where  it  is  called  by  the 
miners  rinchiiisu.  Carbonic  acid,  produced  by  the  action  of 
acid  waters  on  limestone,  is  of  not  unfrequent  occurrence  in  the 
Derbyshire  lead  mines. 

In  the  lead-mining  district  of  Mazarron  in  Spain  several 
in'uptions  of  carbonic  acid  gas  have  taken  place,  some  of  which 
have  led  to  loss  of  life.  In  the  case  of  an  outburst  in  1 899  there 
were  thirteen  victims,  and  in  another  in  1893,  as  many  as 
twenty-five.  A  pressure-gauge  in  a  stopping  put  up  in  a 
level  to  draw  off  the  gas  indicated  a  pressure  of  42  atmos- 
pheres. 

At  the  lead  mines  of  Pontgibaud,  in  Central  France,  it  is  so 
abundant  that  special  fans  have  to  be  provided  for  getting  rid 
of  it.  Very  distinct  issues  of  this  gas  may  be  observed  at  the 
Foxdale  lead  mines  in  the  Isle  of  Man.  Emanations  containing 
this  gas  from  "  lochs "  or  "  vugs "  have  been  reported  as 
occurring  at  Great  Laxey  mine,  in  the  Isle  of  Man,  and  at 
Pennerly  and  Roman  Gi'avel  mines  in  Shropshire  ;  however,  in 
none  of  these  has  the  issue  been  so  strong  or  so  lasting  as  at 
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Foxdale.  In  the  Alston  Moor  district,  the  quantity  of  carbonic 
acid  discharged  both  by  the  veins  and  the  enclosing  rocks  is 
occasionally  very  considerable. 

Carbonic  acid  is  thought  by  Blount  to  exist  sometimes  in  the 
liquid  state  in  minute  pores  or  fissures  of  chalcopyrite,  and  he 
ascribes  the  decrepitation  of  certain  kinds  of  pyrites,  when 
heated,  to  its  presence.  No  doubt  such  pyrites  would  be 
capable  of  giving  off  the  gas  slowly  at  the  ordinary  temperatures 
of  minea 

The  hot  springs  and  their  accompanying  gases  at  Sulphur 
Bank  mine  in  California  are  very  remarkable.  An  analysis  of 
the  gas  gave : — 

Carbon  dioxide ^'34 

Hydrogen  sulphide      ....  0*23 

Marsh  gas 794 

Nitrogen 2*49 

lOO'OO 

Some  of  the  emanations  contained  ammonia,  and  the  tempera- 
ture of  the  water  escaping  from  cracks  in  one  of  the  levels  was 
176**  F.  (80**  C.),or  more  than  the  highest  tempei-ature  observed 
at  mines  on  the  Comstock  lode. 

It  has  been  shown  by  Haldane  that  in  many  cases  the  carbonic 
acid  thought  to  occur  in  mines  is  really  a  mixture  of  nitrogen 
with  a  comparatively  small  proportion  of  carbonic  acid.  It  is 
simply  the  gaseous  residue  resulting  from  the  slow  oxidising 
action  of  air  on  oxidisable  substances  in  a  mine,  and  con- 
sequently consists  chiefly  of  nitrogen.  This  view  is  confirmed 
by  the  results  of  analyses  of  samples  of  air  taken  in  Foxdale 
mine  in  the  Isle  of  Man,  which  proved  that  the  gas  was 
identical  with  the  "  black-damp  "  of  collieries. 

Marsh  Qas  is  the  main  constituent  of  fire-damp,  which  is  by  no 
means  confined  to  coal  mines,  as  some  might  suppose.  In  Great 
Britain  numerous  fire-damp  explosions  have  occurred  in  the  iron 
ore  mines  of  Cumberland  and  Furness.  Fire-damp  is  found  in 
small  quantities  in  the  stratified  ironstone  of  the  Cleveland 
district,  and  also  in  the  Cheshire  salt  mines.  As  minute 
bubbles  of  the  gas  may  be  noticed  in  the  brine  which  is  pumped 
up  from  boreholes  near  Middlesbrough,  it  is  probable  that  it 
accompanies  rock-salt  in  that  region  also.  Mill  Close  lead  mine 
in  Derbyshue  was  in  1887  the  scene  of  a  disastrous  explosion  of 
fire-damp,  by  which  five  men  were  killed,  and  in  1884  two  men 
were  burnt  by  the  gas  taking  fire  in  a  level  at  Holway  Consols 
mine,  near  Holywell  in  Flintshire,  where  a  fatal  accident  had 
happened  from  an  explosion  fifteen  years  previously. 

At  the  famous  Van  mine  in  Montgomeryshire,  fire-damp  was 
found  at  the  adit,  and  at  nearly  every  level  below,  while  **  tap- 
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piiig  "  the  lode ;  in  other  words,  while  making  the  first  drivages 
in  it.     The  miners  regard  it  as  a  sure  harbinger  of  lead  ore. 

Even  the  tin  mines  of  Cornwall  are  not  entirely  free  from  fire- 
damp. Inflammable  gas  was  given  off  by  the  bed  of  stream-tin 
worked  under  the  mud  of  Restronguet  Creek,  near  Falmouth,  in 
1873,  and  three  comparatively  slight  explosions  took  place  at 
Ding  Dong  mine,  near  Penzance,  about  the  year  i860,  on  re- 
opening a  level  which  had  long  been  under  water  ;  but  in  this 
case,  as  in  some  others  which  will  be  mentioned,  the  gas  seems 
to  have  been  formed  by  the  decomposition  of  the  timber  supports 
of  the  level. 

Turning  to  the  Continent,  it  is  not.  surprising  to  meet  with 
large  quantities  of  inflammable  gas  in  oil-wells  and  in  ozokerite 
mines.  The  work  of  sinking  oil-wells  in  Roumania  is  much 
impeded  by  emanations  of  marsh  gas;  artificial  ventilation 
becomes  necessary  when  a  depth  of  50  feet  (15  m.)  is  reached, 
and  the  first  thing  the  men  have  to  do  in  the  morning  is  to  work 
the  fan  for  three  hours.  Even  then  the  sinker  cannot  stay 
down  more  than  about  two  hours  at  a  time,  and  when  the 
bottom  of  the  shaft  is  approaching  the  oil-bearing  stratum,  he 
cannot  stay  more  than  a  quarter  of  an  hour.  He  is  always 
fastened  to  a  rope,  and  two  men  at  the  surface  are  constantly 
on  the  alert  to  draw  him  up  at  once  if  he  makes  the  least  sign 
by  pulling  it.  The  sinker  is  sometimes  quite  giddy  when  he 
reaches  the  surface. 

The  conditions  at  the  petroleum  wells  of  Burma  are  still  more 
unfavourable.  There  is  so  much  gas  that  breathing  is  diflicult, 
and  the  longest  time  a  young  and  strong  man  can  stay  below 
without  becoming  unconscious  is  200  seconds.  Often  a  man  can 
work  only  i  or  2  minutes ;  he  can  be  lowered  to  a  depth  of  200 
feet  in  ^  minute  and  raised  in  i  to  i^  minute ;  in  the  upper 
part  of  a  well,  where  there  is  no  gas  or  only  a  little,  he  can 
remain  below  much  longer. 

There  are  probably  few,  if  any,  mines  more  fiery  than  the 
ozokerite  pits  of  Boryslaw.  Explosions  have  often  happened, 
and  the  mines  have  to  be  worked  with  safety  lamps.  However, 
it  is  likely  that  both  here,  and  in  the  oil  regions,  the  in- 
flammability of  the  atmosphere  is  due  not  only  to  marsh  gas, 
but  also  to  the  vapour  of  volatile  hydrocarbons  given  off  by  the 
crude  petroleum,  which  may  be  seen  on  the  floor  of  the  work- 
ings. Mere  marsh  gas  alone  would  not  account  for  the  spirituous 
baste  of  the  air  and  the  slight  smarting  of  the  eyes  which  are 
noticed  underground.  The  effect  of  the  gases  is  to  produce  all 
sorts  of  hallucinations  and  make  the  men  wander  in  their 
talk. 

The  sulphur  rock  of  Sicily  emits  fire-damp  very  frequently, 
and  the  official  list  of  disastrous  explosions  shows  that  it  is  an 
enemy  not  to  be  despised  by  the  miner.     The  gas  fills  cavities 
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existing  in  the  bed  of  mineral,  and  also  comes  out  of  the  bitu- 
minous shale  of  the  partings ;  it  is  called  antimonio  by  the  men. 

Several  cases  have  been  recorded  in  which  fire-damp  has  been 
encountered  in  iron  ore  mines  in  Namur,  Belgium. 

Marsh  gas  accompanies  salt  on  the  Continent,  as  it  does  in 
England ;  a  jet  of  the  gas,  which  has  been  piped  off  from  a  blower 
and  now  serves  for  illuminating  purposes,  may  be  seen  constantly 
burning  in  the  salt  mine  at  Bex  in  Switzerland.  Explosions  have 
tiiken  place  in  the  Wieliczka  mines  and  in  the  mines  of  the  Stass- 
furt  district.  In  1904  there  was  a  serious  explosion  at  the  Frisch 
Gluck  potash  mine,  near  Hanover. 

Several  men  were  killed  by  an  explosion  of  fire-damp  in  a 
tunnel  in  the  Oxford  Clay,  which  was  in  course  of  being  driven 
under  the  Col  de  Cabres,  on  the  boundary  of  the  Departments 
DrAme  and  Is^re  in  France,  during  the  year  1887,  and  the  gas 
is  given  off  in  such  quantities  in  the  clay  pits  at  Klingenberg  on 
the  Main  that  safety  lamps  have  to  be  used  by  the  miners. 

Inflammable  gas  is  not  noticed  in  working  the  copper  shale 
itself  at  Mansfeld,  though  the  large  amount  of  bituminous 
matter  which  the  seam  contains  might  make  one  fear  it  would 
be  troublesome ;  a  little  has  been  met  with  in  driving  levels  in 
some  of  the  surrounding  rocks  and  especially  in  the  gypsum. 

Nordenstrom  states  that  inflammable  gas  issued  in  great 
quantity  from  a  hole  bored  in  granulite  in  a  drift  in  the  zinc 
mines  at  Ammeberg  in  Sweden. 

Large  quantities  have  been  observed  in  Silver  Islet  mine, 
Lake  Superior,  where  several  explasions  occurred ;  and  at  Duncan 
mine.  Port  Arthur,  upon  the  same  lake,  vugs  were  noticed  to 
contain  hydrocarbon  gas  under  great  pressure. 

Becker  records  emissions  of  inflammable  gas  at  several  of  the 
quicksilver  mines  in  California.  Inflammable  gas,  probably 
marsh -gas,  caused  a  disastrous  explosion  at  the  Belh  tunnel  of 
the  New  Idria  mine,  and  marsh  gas  escapes  at  the  .<£tna  mine. 
At  the  Phoenix  mine  inflammable  gas  issues  from  cracks  in  the 
150  and  300-foot  levels,  the  chief  component  being  marsh  gas, 
as  shown  by  the  following  analysis : — 

Carbonic  anhydride      ....  074 

Marsh  gas 61*49 

Nitrogen 31-44 

Oxygen 6*33 

100*00 

Treloar  describes  an  issue  of  inflammable  gas  at  the  Monro 
Velho  gold  mine  in  Brazil ;  it  took  fire  while  the  men  were 
boring  a  hole. 

Fire-damp  is  frequently  encountered  in  the  old  workings  of 
alluvial  mines  in  the  goldfields  of  Victoria  ;  in  some  instances  it 
is  doubtless  due  to  the  decomposition  of  prop  timber,  as  at  Ding 
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Dong,  and  in  others  to  the  gradual  alteration  of  driftwood  or 
organic  matter  in  the  alluvial  beds  themselves.  A  serious 
accident,  caused  by  a  fire-damp  explosion,  is  recorded  as  having 
injured  two  men  at  the  Try-again  Company's  mine,  El  Dorado, 
in  the  Beechworth  mining  district,  Victoria. 

In  1903  a  fire-damp  explosion  occurred  near  an  old  winze 
at  the  D'Arcy  Wentworth  mine,  New  South  Wales.  In 
1898  there  was  a  fire-damp  explosion  in  blasting  through 
into  old  workings  at  the  Hutti  gold  mine  in  tlie  Deccan, 
Hyderabad;  and  in  1904  there  was  an  explosion  in  a  small 
silver  mine  in  Zacualpan,  Mexico,  that  had  been  abandoned 
for  sixty  years.  Other  instances  are  given  by  B.  H.  Brough, 
who  thinks  that  they  may  be  explained  by  the  hypothesis  that 
the  decomposition  of  timber  in  a  mine,  in  a  similar  manner  to 
the  decomposition  of  vegetable  matter  in  marshes,  may  produce 
fire-damp  which  would  accumulate  in  cavities  that  are  ultimately 
broken  into. 

Nitrogen,  if  given  off  in  small  quantities,  is  likely  to  pass  un- 
noticed by  the  miner ;  but  it  makes  its  presence  felt  occasion- 
ally. Miners  in  Strinesdale  Tunnel,  near  Stockport,  have  been 
troubled  by  the  escape  of  nitrogen  from  fissures  in  the  rock.  It 
has  been  ascertained  by  analysis  that  the  gas  consists  of  92 
volumes  of  nitrogen,  8  volumes  of  oxygen,  and  a  trace  of  car- 
bonic acid.  It  came  from  openings  in  the  roof,  sides,  and  floor, 
and  was  strong  enough,  in  one  case,  to  put  out  a  candle  18 
inches  away  from  the  fissure.  The  men  became  sick  and  dizzy, 
and  their  limbs  were  semi-paralysed.  On  some  occasions  the 
fissures  drew  the  candle-flame  in,  instead  of  blowing  gas  out, 
suggesting  a  communication  with  old  workings  in  the  neigh- 
bourhood. 

Nordenstrom  found  that  inflammable  gas  issuing  from  borings 
in  the  Daunemora  iron  mine,  Sweden,  contained  33  "6  per  cent,  of 
marsh  gas  and  66*4  per  cent,  of  nitrogen.  It  had  certainly 
not  been  derived  from  the  decay  of  timber  under  water.  The 
occurrence  of  nitrogen  in  a  metalliferous  vein  in  Colorado  in 
1904  was  recorded  by  H.  A.  Lee.  In  analyses  of  mine  air  it 
is  convenient  to  include  the  nitrogen  under  the  head  of  **  black- 
damp,"  as  it  is  seldom  free  from  carbonic  acid. 

The  highly  poisonous  sxilphuretted  hydrogen  is  of  frequent 
occurrence  in  the  Sicilian  sulphur  mines,  where  the  water  is 
often  saturated  with  it.  At  the  3000-foot  level  of  the  Com- 
stock  lode,  the  water  is  charged  with  carbonic  acid  and 
sulphuretted  hydrogen,  and  has  a  temperature  of  170'  F. 
(767''  C).  A  blower  of  the  gas,  met  with  in  a  copper  mine  at 
Ducktown,  Tennessee,  was  strong  enough  to  drive  the  men  away 
from  their  work  for  a  time.  Two  btid  accidents  took  place  in 
sinking  a  shaft  at  Stassfurt,  through  rock-salt,  from  sudden 
irruptions  of  the  gas  :  on  one  occasion  eight  persons,  and  on  the 
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other  seven  persons,  were  stifled.  Various  fatalities  aie  asciibed 
to  sulphuretted  hydrogen  at  the  ozokerite  mines  of  Boryslaw, 
but  here  it  is  thought  that  the  gas  was  generated  by  some  pro- 
cess of  decomposition  in  old  workings,  which  were  **  holed  into  " 
by  the  miners.  Sulphuretted  hydrogen  pro<luced  in  a  somewhat 
similar  way  is  supposed  to  have  been  the  cause  of  a  death  at  a 
mine  on  the  Gympie  goldfield,  Queensland.  A  serious  accident 
from  the  same  cause  occurred  in  1904  at  the  Energetic  mine. 
New  Zealand. 

As  a  natiu*al  emanation  in  mines,  sulphurous  acid  is  very 
rare,  but  Becker  has  noticed  a  pungent  gas  near  the  [50-foot 
level  at  the  Redington  quicksilver  mine  in  California,  which 
he  considers  must  contain  both  it  and  sulphuretted  hydrogen. 
Sulphurous  acid  is  generated  in  the  underground  fires  of  sulphur 
mines  in  Sicily,  and  some  will  be  formed  in  other  cases  of  under- 
ground fires  if  the  rock  contains  iron  pyTites. 

Small  quantities  of  mercurial  vapour  are  stated  to  be  found  in 
quicksilver  mines,  and  to  be  the  reason  of  their  unheal thiness ; 
but  one  may  also  suggest  that  constant  contact  with  cinnabar, 
inhaling  the  dust  of  the  mineral,  and  allowing  some  to  enter  the 
stomach  from  eating  with  dirty  hands,  may  possibly  account  for 
all  the  symptoms  observed,  without  having  recourse  to  the  theory 
that  the  vapour  is  present  in  the  atmasphere  of  the  mine. 

Artificial  Pollution  of  the  Air  in  Mines. — The  pollution  of 
the  air  is  not  due  solely  to  gases  introduced  naturally  from  the 
surrounding  rocks ;  various  other  causes  combine  to  render  the 
atmosphere  of  the  mine  unfit  for  life,  and  among  them  may  be 
mentioned  the  following : — 

1.  Respiration  of  the  persons  and  animals  in  the  pit ;  ex  halations  from 

their  skin,  and  emanations  from  excrement  left  underground . 

2.  Combastion  of  the  lamps  and  candles  used  for  lighting  the  mine. 

3.  Absorption  of  oxygen  by  pyrites  and  other  minerals. 

4.  Putrefaction  of  timl)er. 

5.  Explosion  of  gunpowder,  dynamite,  &c. 
t>.  Dust  from  boring,  &c. 

7.  Old  smouldering  underground  fires. 

8.  Occasionally,  noxious  gases  generated  in  air-compressors. 

I,  2.  Dr.  Angus  Smith  in  1864  reckoned  that  two  men  work- 
ing eight  hours,  and  using  ^  lb.  of  candles  and  1 2  ozs.  of  gun- 
powder, produce  25*392  cubic  feet  of  carbonic  acid  at  70"  F. — 
viz.,  10*32  by  breathing,  12*276  by  candles,  and  2*796  by  gun- 
powder. This  estimate  of  the  amount  of  carbonic  acid  produced 
by  respiration  has  been  found  by  Dr.  Haldane  to  be  much 
too  low. 

It  is  considered  by  some  medical  authorities  that  the  injurious 
effects  of  breathing  an  atmosphere  polluted  by  the  proilucts 
of  respiration  are  due  more  to  organic  matter  than  to  the 
small  proportion  of  carbonic  acid  it  contains.      The  quantity 
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of  carbonic  acid  serves,  however,  as  an  index  of  the  amount  of 
organic  pollution,  and  when  the  air  of  a  room  is  found  to  contain 
o*o6  per  cent,  by  volume  of  the  gas,  the  atmosphere  is  said  to  be 
unhealthy.  Care  should  be  taken  to  prevent  the  men  from 
habitually  using  the  workings  as  latrines,  and  to  apply  suitable 
disinfectants  if  the  rule  has  been  disobeyed. 

3.  Where  the  ventilation  is  sluggish,  the  absorption  of  oxygen 
by  pyrites,  or  by  ferruginous  minerals  passing  to  a  higher  state 
of  oxidation,  is  sometimes  very  marked. 

4.  The  foulness  of  the  underground  atmosphere  produced  by 
the  decay  of  the  timber  supports  has  also  to  be  considered. 
The  rapidity  with  which  timber  rots  underground  in  certain 
circumstances  has  already  been  mentioned  ;  the  practice  of 
leaving  the  useless  decaying  timber  to  infect  the  new  pieces 
that  are  put  in,  turns  a  level  in  some  instances  into  a  hotbed  of 
putrescent  matter,  offensive  to  the  smell,  and  injurious  to  the 
health  of  the  men.  Steel  supports  should  be  welcomed,  if  only 
for  ridding  mines  of  one  source  of  pollution  of  the  atmosphere. 
One  of  the  recommendations  of  the  Ventilation  Board  in 
Victoria  is  that  all  the  bark  should  be  removed  from  the  timber 
before  it  is  sent  underground. 

5.  The  nature  of  the  gases  and  solid  residues  produced  in 
blasting  has  been  already  explained  in  Chapter  IV.,  and  the 
statement  made  by  some  manufacturers  that  their  explosives 
produce  ^'no  noxious  fumes''  is  evidently  misleading.  In  the 
case  of  gunpowder,  we  have  the  smoke  made  up  of  fine  particles 
of  carbonate  and  sulphide  of  potassium  with  some  sulphur, 
whilst  the  explosive  force  has  been  due  to  the  formation  of  a 
number  of  invisible  gases,  especially  carbonic  acid,  carbonic 
oxide  and  nitrogen,  with  sulphuretted  hydrogen,  marsh  gas,  and 
hydrogen. 

Nitro-cotton  should  produce  nothing  by  its  explosion  but 
carbonic  acid,  carbonic  oxide,  hydrogen,  and  nitrogen;  and  nitro- 
glycerine only  carbonic  acid,  nitrogen,  and  oxygen.  But  when 
imperfectly  detonated  the  resultant  gases  are  more  noxious ; 
both  explosives  generate  much  nitric  oxide,  and  the  very  noxious 
carbonic  oxide  is  liberated  in  considerable  quantity.  Dynamite 
produces  the  same  gases  as  nitro-glycerine,  but,  in  addition,  it 
sends  into  the  atmosphere,  in  a  very  finely  divided  state,  the  25 
per  cent,  of  **  infusorial  "  earth  which  it  contains.  Tonite,  made 
from  gun-cotton  and  nitrate  of  barium,  produces  (by  estimate) 
55  per  cent,  of  its  weight  of  solid  carbonate  of-  barium. 

After  a  close  examination  and  an  analysis  of  the  fumes  pro- 
duced by  tonite  and  roburite.  Prof.  Bedson  and  two  medical  men 
have  come  to  the  conclusion  that  these  two  explosives  are  no 
worse  for  the  health  of  the  miner  than  gunpowder.  With  all 
three  explosives  they  found  traces  of  carbonic  oxide  in  the  air, 
and  they  recommend   in  consequence  that  an  interval  of  five 


5i6  ORE  AND  STONE  MINING. 

minutes  be  allowed  to  elapse  before  the  men  return  to  their 
working-places  after  firing.  The  ore  miner,  in  studying  these 
conclusions,  must  not  forget  that  the  recommendation  is  made  in 
the  case  of  working-places  which  were  being  swept  out  by  air- 
currents  of  HOC  to  5000  cubic  feet  per  minute;  if  no  such 
currents  exist,  a  longer  interval  should  be  given.  In  rises  and 
at  ends  in  metalliferous  mines,  the  effect  of  explosives  on  the 
air  cannot  be  disregarded. 

Mercurial  poisoning  has  been  known  to  result  from  the  quick- 
silver vapour  given  off  by  the  fulminate  of  the  detonators  when 
much  blasting  has  been  done  in  badly-ventilated  places. 

6.  We  now  come  to  dust,  which  is  certainly  not  the  least 
noxious  of  the  impurities  of  the  atmosphere  breathed  by  the 
miner. 

It  is  formed  in  the  process  of  boring  holes  for  blasting,  by 
the  shots  themselves,  and  by  the  attrition  of  pieces  of  rock 
tumbling  about  during  the  ordinary  processes  of  mining.  How- 
ever, it  is  the  first  cause  from  which  the  miner  is  most  likely  to 
suffer  injury :  when  he  is  boring  a  hole  downwards  he  put^  in 
water,  which  serves  the  double  purpose  of  facilitating  his  work 
and  of  preventing  any  dust  from  being  formed ;  but  when  he 
bores  an  "  upper  "  by  hand,  water  is  not  used,  and  even  where 
machine  drills  are  employed,  a  jet  of  water  under  pressure  is 
not  always  applied  to  the  borehole.  Hence  the  atmosphere  of 
an  *^  end "  or  other  working  place  may  hold  fine  particles  of 
stone  in  suspension,  which  pass  into  the  lungs,  irritate  the  air- 
passages,  and  cause  the  disease  known  as  '*  miners'  asthma," 
**  miners'  phthisis,"  or  **  miners'  consumption."  In  the  mines  of 
Cornwall  and  Devon,  the  special  rules  that  came  in  force  on 
January  1 905  specify  that  no  percussive  rock  drill  may  be  used 
unless  a  water-jet  or  spray  is  provided,  so  as  entirely  to  prevent 
the  escape  of  dust  into  the  air. 

Some  miners  on  the  Rand  and  elsewhere  are  wearing  respira- 
tors as  a  preventive  of  the  lung  troubles  from  which  they  are  so 
liable  to  suffer.  The  dust  of  combustible  minerals  such  as  coal, 
gilsonite,  grahamite,  lignite,  &c.  (and  of  other  combustible  sub- 
stances such  as  cork,  rice,  starch,  wheat,  &c.),  may  give  lise  to 
disastrous  explosions. 

7.  Exceptionally,  accidental  fires  may  keep  a  stubborn  hold 
for  months  on  timber  buried  under  fallen  waste,  <fec.  Seiious 
trouble  was  long  experienced  from  quantities  of  both  oxides  of 
carbon  issuing  from  such  smouldering  brands  both  on  the  Corn- 
stock  and  at  Broken  Hill. 

8.  The  air  supplied  by  compressors  may  contain  carbonic 
oxide  and  other  noxious  gases  generated  by  the  action  of  heat 
upon  the  lubricant,  and  if  explosions  are  caused  in  this  way  the 
air  is  of  course  highly  polluted. 

Air  thus  deteriorated  is  renewed  by  various  modes  of  ventilation. 
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NATURAL  VENTILATION.— Two  systems  of  ventilation 
are  employed  in  mines — natural  and  artificial,  either  separately 
or  combined.  Under  the  former,  currents  set  up  by  natural 
differences  of  temperature  change  the  air  of  the  workings ; 
under  the  latter  the  air  is  changed  by  artificial  means. 

The  temperature  of  the  earth  increases  with  the  depth,  and 
this  natural  heat  is  the  mainspring  in  creating  air  currents. 
The  temperature  of  the  mine  air  has,  too,  considerable  influence 
on  the  he«'ilth  and  efficiency  of  the  miners.  It  is  in  a  large 
measure  due  to  the  rock-temperature,  which  the  air  in  its  pas- 
sage through  the  mine  gradually  acquires.  At  a  depth  of  20 
yards  the  rock-temperature  is  about  equal  to  the  average 
annual  temperature  at  the  place  in  question.  It  increases  at 
the  rate  of  i"  F.  for  about  every  60  feet  of  depth.  The  rate  of 
increase  in  travelling  downwards  may  conveniently  be  termed 
the  tjeotheniicd  (jrcultent  Observations  which  have  been  made 
in  numerous  mining  districts,  and  have  been  summarised  in 
the  reports  of  a  committee  of  the  British  Association  for  the 
Advancement  of  Science,  show  considerable  variations  owing  to 
variations  in  the  thermal  conductivity  of  the  rocks.  The  fol- 
lowing are  the  results  of  some  observations : — 


Depth  in  Geothennal 

Feet  I      Gradient. 


Tamarack  mine,  Lake  Superior         .        .     |        4400  100 

Hand  Victoria  borehole,  Transvaal  .  2500  82 

Port  Jackson  borehole,  New  South  Wales  2929  80 

Wheeling  oil  well,  West  Virginia  4462  72 

Dolcoath  mine,  Cornwall  ....  2124  70 

Schladebach  borehole,  Prussia         .        .  5734  65 

Paruschowitz  borehole,  Upper  Silesia  6573  58 

Comstock  lode,  Nevada    ....  2230  33 


The  principle  upon  which  natural  ventilation  depends  is  very 
easily  understood.  Suppose  a  very  simple  case,  two  shafts  AB, 
CD  (Fig.  559),  connected  by  a  horizontal  level  BD.  The  air  in 
the  shafts  and  level,  warmed  by  its  contact  with  the  sides  of 
these  underground  passages,  gradually  assumes  their  tempera- 
ture, which  will  be  usually  higher  or  lower  than  that  of  the  ex- 
ternal atmosphere ;  the  problem  is  simply  that  of  two  communi- 
cating vases.  At  the  point  D  we  have  the  pressure  due  to  the 
weight  of  the  column  of  jiir  CD  +  the  weight  of  the  atmos- 
phere at  C.  At  B  the  pressure  is  due  to  the  weight  of  the 
smaller  column  AB  +  the  weight  of  the  atmosphere  at  A. 

Draw  the  horizontal  lines  CF  and  AE  and  prolong  the  line  of 
the  shaft  AB  upwards  by  the  dotted  lines.  The  pressure  of  the 
atmosphere  at  F  and  0  is  the  same,  and  therefore  any  differ- 
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ence  of  pressure  at  B  and  D  depends  upon  the  relative  weights 
of  the  cohimns  FB  and  CD ;  but  AB  is  equal  to  ED,*  so  that  the 
real  difference  depends  upon  the  weights  of  the  two  columns  of  air 
FA  outside  the  mine  and  CE  inside  the  mine.  In  this  country 
the  external  atmosphere  in  summer  is  often  hotter  than  that  of 
the  mine  ;  therefore  the  column  CE  will  be  heavier  tlian  the 


Fig.  559. 


Fig.  56a 
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column  FA.  The  column  CD  will  overcome  the  resistance  pre- 
sented to  it  by  the  cohimn  AB,  and  create  a  natural  current 
going  in  the  direction  of  CDBA.  In  winter  the  conditions  are 
reversed.  The  cold  external  column  FA  is  heavier  than  the 
comparatively  warm  internal  column  CE,  and  the  weight  of  the 
entire  column  FB  will  be  greater  than  that  of  the  column  CD. 

The  result  is  that  the  weight  of  the 
column  FB  will  cause  motion  in  the 
direction  of  ABDC.  Once  a  current 
is  initiated,  its  strength  goes  on  in- 
creasing up  to  a  certain  limit ;  for  the 
whole  shaft  AB  becomes  filled  with, 
say,  colder  air  coming  from  the  surface, 
and  its  walls  gradually  get  colder, 
while  the  shaft  CD  receives  warmed 
air  from  underground.  Then  the 
current  is  due  to  the  difference  of 
weight  of  the  whole  columns  Fi^ 
and  CD. 

A  still  simpler  case  is  one  of 
common  occurrence  in  vein  mining  (Fig.  560).  Let  AB  be  an 
adit  driven  into  a  hill-side,  CB  a  shaft,  and  AD  a  column 
of  air,  D  being  level  with  C.  The  pressure  of  the  atmosphere 
at  C  and  D  is  the  same.  Then,  according  as  the  column  DA  is 
warmer  or  colder,  and  consequently  lighter  or  heavier  than  the 
column  CB,  so  will  a  current  ensue  in  the  direction  B  to  A  or 
from  A  to  B,  as  the  case  may  be. 

*  This  is  only  approximately  the  case,  for  ED  lies  on  the  whole  deeper 
than  AB  from  the  surface,  and  therefore  in  general  KD  should  be  a  little 
the  warmer. 
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Another  state  of  things  is  shown  in  Fig.  561,  in  which  there 
are  two  shafts  of  unequal  depth  connected  by  an  inclined  pass- 
age or  drift.  If  AE  is  drawn  horizontiil,  as  before,  at  the  level 
of  the  higher  opening  to  the  mine,  and  CF  parallel  to  it  at  the 
level  of  the  lower  opening,  the  air  in  the  bent  tube,  so  to  say, 
CDB,  will  balance  that  contained  in  the  vertical  shaft  FB,  and 
for  motive  power  we  have  to  depend  upon  the  difference  in 
weight  of  the  two  columns  AF  and  EC,  a  difference  depending 
upon  their  relative  temperatures.  Therefore  in  summer  we  get 
a  current  travelling  in  the  direction  ABDC,  whilst  in  winter  it 
is  reversed. 

In  any  one  of  these  cases,  the  greater  the  difference  in  tem- 
perature, the  greater  will  be  the  velocity  of  the  ventilating  cur- 
rent. In  winter  the  ventilation  will  be  more  active  than  in 
summer,  because  there  will  be  more  difference  between  the 
outside  and  inside  temperatures;  and,  furthermore,  though 
there  are  differences  between  the  day  temperature  and  the 
night  temperature,  still  the  tendency  is  always  to  produce  a  cur 
rent  in  the  same  direction.  In  summer  the  nights  may  be  cold 
though  the  days  are  hot,  and  therefore  the  difference  in  tempera- 
ture between  the  air  of  the  mine  and  that  of  the  surface  may 
be  acting  in  two  opposite  ways  according  to  the  period  of  the  day 
or  night.  A  shaft  which  is  drawing  up,  or  is  an  **  upcast,'*  during 
the  heat  of  the  day  may  have  a  descending  current,  or  be  a 
**  downcast,''  in  the  cool  hours  of  the  night,  and  practically  have 
no  current  at  all  while  the  outside  and  inside  temperatures  are 
alike. 

There  is  not  only  this  objection  to  natural  ventilation  that  it 
may  vary  in  direction  during  the  course  of  the  twenty-four 
hours,  but  the  still  greater  objection  that  at  certain  seasons  of 
the  year  it  may  be  nil,  because  there  is  no  difference  in  tempera- 
ture between  the  outside  and  inside  air  to  make  one  column 
heavier  than  the  other. 

The  creation  of  a  natural  air- current  is  not  due  solely  to  the 
difference  of  temperature  caused  by  the  natural  warmth  of  the 
rocks.  The  heat  engendered  by  the  respiration  of  the  men  and 
animals,  by  the  combustion  of  the  candles  or  lamps,  and,  lastly, 
by  the  explosives,  is  also  a  factor  in  making  the  air  of  the  mine 
warmer  than  that  of  the  surface  and  so  setting  up  a  current. 
The  character  of  the  sides  of  the  shaft  itself  may  also  play  its 
part.  A  shaft  which  has  water  dropping  down  it,  either  from 
natural  springs  that  find  their  way  in,  or  from  slight  leaks  in 
the  pumping  plant,  will  naturally  become  the  downcast  if  the 
other  orifice  is  dry. 

The  strength  of  the  current  may  be  improved,  or  a  natural 
draught  created  where  none  existed  before,  by  building  a  chim- 
ney above  one  of  the  shafts,  and  so  producing  artificially  a  differ- 
ence of  level  between  the  two  outlets.      The  direction  of   the 
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wind  may  also  turn  the  scale,  and  it  is  often  found  that  a  mine 
is  better  ventilated  with  some  prevailing  winds  than  with  othei*8. 
As  an  illustration  of  an  effect  of  this  kind,  reference  need  only 
be  made  to  smoky  chimneys,  commonly  caused  by  the  wind 
striking  some  natural  or  artificial  obstruction,  which  directs  it 
downwards  and  makes  it  overcome  the  upward  draught  of  the 
fire.  The  result  is  sometimes  so  marked  that  the  householder 
can  tell  the  direction  of  the  wind,  before  looking  out  of  doors, 
by  noticing  which  of  his  chimneys  is  giving  trouble.  With 
some  mines  in  which  the  natural  current  has  less  force  than 


Fig.  562. 
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that  of  a  chimney,  it  is  not  to  be  wondered  that  similar  occur- 
rences take  place. 

When  speaking  of  natural  ventilation,  the  property  of  diffusion 
requires  a  word  of  comment.  This  property  is  one  by  which  two 
bodies  of  gas  placed  in  juxtaposition  with  one  another  gradually 
become  mixed,  even  if  the  lighter  occupies  the  higher  position. 
The  process  is  slow  compared  with  the  mixing  that  is  brought 
about  by  convection,  but  still  it  has  some  effect  in  causing  the 
dispersion  of  noxious  fumes. 

In  the  examples  of  natural  ventilation  just  given,  it  has  been 
assumed  that  the  mine  has  two  orifices ;  but  many  workings,  at 

Fio.  563. 


all  events  at  the  beginning,  have  only  one.     Let  us  take  tbe 
three  typical  cases  of  a  level,  a  shaft,  and  a  "  rise.'* 

Let  Fig.  562  represent  a  level  driven  a  short  way  into  tbe 
side  of  a  hill.  How  is  the  atmosphere  of  the  **  end  "  renewed 
without  artificial  appliances?  On  entering  such  a  level  after 
blasting,  the  explanation  becomes  apparent :  a  current  of  powder 
smoke  is  seen  hugging  the  roof,  whilst  the  lower  half  of  the  level 
is  clear.  If  a  candle  is  set  up  on  the  floor,  its  flame  is  deflec^ted 
inwards  or  towards  the  "  end.'*  The  heated  gases  from  the  ex- 
plosive, accompanied  by  air  warmed  by  breathing  and  the  com- 
bustion of  the  candles,  rise  as  much  as  they  can,  and  make  their 
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way  out  by  the  upper  part  of  the  level,  while  their  place  is  taken 
by  cold  air  from  the  outside.  The  course  of  the  gentle  current 
is  shown  by  the  dotted  lines.  The  same  phenomenon  may  be 
observed  in  a  crosscut  driven  out  from  a  shaft.  This  explains 
the  importance,  or  indeed  the  necessity,  of  keeping  a  level  as 
horizontal  as  possible  if  it  is  being  ventilated  naturally.  Take 
an  exaggerated  case,  in  which  the  men  have  allowed  their  *^  end  " 
to  rise  considerably,  as  shown  in  Fig.  563,  so  that  the  floor  of 
the  working  place  is  three  feet  above  a  horizontal  line  drawn 
through  the  top  of  the  mouth  of  the  tunnel.  Smoke  and  warm 
gases  produced  in  the  '*  end  "  will  rise,  and,  finding  no  means  of 
exit^  will  remain  in  the  highest  part  until  they  cool  down  and 
diffusion  has  had  time  to  play  its  part. 

It  might  seem  at  first  sight  that  a  current  could  not  be  formed 
in  a  shaft  which  does  not  communicate  with  other  workings ;  but 
even  when  no  partition  of  any  kind  has  been  put  in,  the  sides 
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of  the  pit,  kept  cool  by  trickling  water,  may  cause  the  air  to  form 
descending  currents,  whilst  in  the  centre  there  is  an  ascending 
current,  as  shown  in  the  diagram  (Fig.  564).  In  an  incline 
(Fig.  565)  the  ascent  of  the  warm  smoke  along  the  dry  roof 
and  the  influx  of  cold  air  along  the  floor  are  sometimes  very 
noticeable. 

When  the  working  place  is  a  "  rise,"  it  is  evident  theoretically, 
and  still  plainer  practically,  that  the  warmth  of  the  foul  gases 
at  the  top  tends  to  keep  them  in  that  position,  and  that  the 
evil  must  increase  as  the  place  gets  hotter  (Fig.  566).  The 
nature  of  the  excavation  prevents  things  from  improving,  and 
the  necessity  for  artificial  ventilation  is  nowhere  more  apparent 
than  in  a  working  place  of  this  kind,  especially  if  the  space  is 
confined.  The  common  statement  that  carbonic  acid  collects  in 
the  lowest  part  of  the  workings  is  correct  only  in  cases  where 
the  gas  is  issuing  forth  from  the  rocks  and  sinks  down  like 
water.  Where  it  is  produced  by  respiration,  candles,  lamps,  or 
explosives,  it  is  diffused  through  a  warmed  atmosphere,  ascends 
with  it,  and  does  not  separate  from  the  other  gases.     The  con- 
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sequence  is  that  a  "  rise  "  may  be  found  badly  ventilated  although 
the  air  in  the  level  below  is  fresh  and -pure. 

We  will  suppose  that  by  reason  of  differences  of  temperature 
a  ventihiting  current  has  been  established.  The  air  will  then 
take  the  easiest  roivd  from  one  shaft  to  the  other,  and  will  not 
penetrate  into  any  other  parts  of  the  workings  unless  compelled 
to  do  so.  The  turning  of  the  curr.^nt  into  any  required  direc- 
tion is  effected  by  putting  in  partitions  and  doors.  In  a  few 
cAses  the  partition  serves  to  make  a  clean  and  sharp  line  of 
division  between  two  currents  which  would  to  a  certain  extent 
exist  naturally.  Thus  we  have  seen  that  when  the  length  of 
a  level  is  not  great,  an  outward  current  travels  along  its  roof, 
and  an  inward  current  along  its  floor  (Fig.  562) ;  between  the 
t^o  there  is  a  dead  space  more  or  less  interfering  with  both 
currents  by  making  their  boundaries  ill-define<l.     If  a  horizontal 
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partition  of  planks  {ah'-sollar)  is  put  in  (Fig.  567),  the  two 
currents  are  kept  perfectly  distinct,  and  the  natural  ventila- 
tion, aided  in  this  way,  proceeds  in  a  much  more  effective 
manner;  the  level  ciin  therefore  be  driven  further  without 
having  recourse  to  machinery  for  creating  an  artificial  current. 

A  common  problem  is  the  ventilation  of  the  far  end  of  a 
drivage,  AB  (Fig.  568),  provided  with  a  little  shaft,  CD,  which, 
in  winter,  naturally  creates  a  current  proceeding  from  A  to  D, 
and  ascending  at  once  to  0.  The  desired  effect  may  be  attaineti 
by  putting  in  an  air-sollar  DE,  which  compels  the  air  to  travel 
to  the  far  end  before  it  can  begin  its  ascent;  another  plan 
consists  in  covering  the  bottom  of  the  shaft  by  a  platform 
(sol/ar),  and  carrying  a  pipe  from  it  all  the  way  along  the  roof 
of  the  level  to  the  "  end."  This  has,  of  course,  the  same  effect 
as  the  air-sollar,  but,  unless  the  pipe  is  large,  it  does  not  give 
so  much  area  for  the  current.  Pipes  have  the  advantage  that 
they  are  very  easily  put  in  and  that  they  can  be  used  again 
and  again.  These  methods  of  conducting  an  air  current  are 
so  self  evident,  that  they  would  not  have  been  mentioned  were 
it  not  for  the  fact  that  some  mine  agents  appear  to  be  ignoi*ant 
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of  these  simple  expedients  for  improving  the  ventilation  of  their 
(Irivages. 

Where  the  level  is  wide  enough,  the  partition  may  be  placed 
vertically ;  it  is  then  called  a  brattice.  If  required  for  temporary 
purposes  it  may  be  made  of  CJinvas,  tarred  to  prevent  its  rotting 
{brattice  doth).  More  lasting  and  effective  partitions  are  con- 
structed of  plank  or  of  brick. 

Any  close  vertical  partition  in  a  shaft  dividing  it  into  two 
separate  compartments  invariably  improves  matters,  when  the 
ventilation  of  a  sinking  is  becoming  sluggish  ;    some  trifling 
difference   in    the   condition   of  the  two  com- 
partments decides  which  is   to  be  the  upcast 
and  which  the  downcast.     Where  it  is  not  con- 
venient to  put  in   a   partition,  a  separate  air 
compartment  may  be  formed  by  fixing  a  large 
pipe  against  one  side  of  the  shaft  and  taking  it 
up  30  or  40  feet  above  the  level  of  the  ground 
(Fig.   569) ;    in  this  manner    two   columns   of 
unequal  height  are  produced  with  the  desired 
effect. 

The  shape  and  size  of  shafts  demand  careful 
consideration  in  connection  with  mine  ventila- 
tion.    The  relative  merits  of  rectangular  and 
circular  shafts  have  long  been  a  matter  of  con- 
troversy.    In  the  circular  form,  least  resistance 
is  offered  to  the   air   cun'ent,   and   it   is   not 
surprising  that  colliery  engineers  have  gener- 
ally preferred  the  circular  section.     In  many 
cases   where   wood    is    abundant    and    cheap, 
rectangular  shafts  present   undoubted  advan- 
tages.    The  rectangular  form  is  also  useful  for  inclined  shafts 
sunk  on  the  vein  where  the  cost  of  crosscutting  is  lessened  and 
ore  is  extracted  during  the   process  of  sinking.     In  all  other 
cases  the  circular  form  is  to  be  preferred. 

In  metalliferous  mines  the  rectangular  form  is  usual,  and  is 
generally  divided  by  wood  partitions  into  compartments  for 
winding,  pumping,  and  ladder-way.  Owing,  no  doubt,  to  the 
plentiful  supply  of  timber,  in  the  United  States  shafts  are 
usually  square  or  rectangular.  Many  of  them  are  lined  from 
top  to  bottom  with  oak.  In  the  Tiansvaal,  the  rectangular 
form  has  been  generally  preferred,  notwithstanding  the  fact 
that  no  mine  timber  is  available  on  the  spot.  The  East  shaft 
of  the  New  Kleinfontein  mine  sunk  in  1904  is  21  feet  by  6  feet 
in  the  clear.  The  Langlaagte  Royal,  the  New  Primrose,  and 
other  circular  shafts  put  down  in  the  district  serve,  however, 
to  illustrate  the  advantages  of  this  form.  The  Langlaagte  Royal 
i8-feet  circular  shaft  was  sunk  at  an  average  rate  of  120  feet 
per  month — more  rapidly,  in  fact,  and  at  less  cost  than  the 
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Rose  Deep  shaft  that  measured  14  feet  by  6  feet.  In  other 
metal-mining  districts,  the  shaft  at  Dolcoath,  Cornwall^  is 
circular,  18  feet  in  diameter,  and  the  Kaiser  Wilhelm  shaft, 
at  Claiisthal,  is  also  circular.  Its  diameter  is  15^  feet  and 
its  depth  2960  feet.  It  is  sometimes  thought  that  in  circular 
shafts  space  must  be  wasted.  Yet  it  is  surprising,  with  well- 
planned  winding  arrangements,  how  little  space  is  unoccupied. 
Moreover,  such  space  is  useful  for  the  free  passage  of  air  for  the 
ventilation  of  the  mine. 

Like  the  form,  the  best  size  for  shafts  is  a  matter  of  con- 
troversy. Nowadays  but  very  few  can  be  seen  of  the  old  pits, 
like  draw-wells,  of  4)  feet  diameter.  Colliery  shafts  in  Great 
Britain  are  commonly  10  feet  in  diameter,  and  when  intended 
for  a  large  output  attain  to  as  much  as  20  feet  in  diameter. 
Formerly  the  tendency  w^as  to  reduce  the  size  of  the  shaft  below 
reasonable  limits.  Shafts  3  feet  4  inches  square  from  150  to 
450  feet  deep,  lined  with  2-inch  planks  are  still  being  sunk  for 
petroleum  in  Roumania,  and  in  many  districts  small  pits  for 
ventilation  are  bored  with  a  diameter  of  i  foot  to  3  feet.  At 
the  present  day  it  is  difficult  to  get  men  to  work  in  such  con- 
fined spaces.  Moreover,  the  plan  of  reducing  the  size  of  shafts 
is  open  to  grave  objection,  for  economy  in  sinking  is  more  than 
counterbalanced  by  the  subsequent  expense  of  working.  Later 
there  was  a  tendency  to  go  to  the  other  extreme,  as  in  the 
remarkable  case  of  the  Beresov  gold  mines  in  Siberia,  where 
the  shaft  measured  25  J  feet  by  32^  feet,  or  828  square  feet  in 
area.  It  is  not  astonishing  that  it  collapsed  at  a  depth  of  55 
yards.  At  American  metalliferous  mines,  the  following  maybe 
ttiken  as  typical  shaft  dimensions :  The  Red  Jacket  shaft  (4900 
feet  deep),  in  the  Lake  Superior  copper  district,  is  25  feet  by 
1 5  feet  6  inches ;  the  Tamarack  shaft,  29  feet  2  inches  by  8  feet 
10  inches ;  the  Anaconda  shaft.  Buttle,  20  feet  4  inches  by  6  feet 
8  inches ;  the  Fayal  iron  mine  shaft.  Lake  Superior,  19  feet  8 
inches  by  6  feet  8  inches ;  and  the  shafts  of  the  large  mines 
in  Colorado,  1 5  feet  by  5  feet.  When  a  careful  study  of  the 
ventilation,  winding  appliances,  and  pumps  has  determined  the 
section  necessary,  any  excess  merely  complicates  the  sinking 
by  increasing  the  expense  an<l  the  upkeep.  It  may  therefore 
safely  be  assumed  that  the  limits  of  size,  that  should  be  exceede<l 
only  in  exceptional  cases,  are  i  o  to  1 7  feet  diameter  for  circular 
shafts,  and  7  to  10  feet  by  13  to  26  feet  for  rectangular  shafts. 
Probably  for  a  deep  metallifei"ous  mine  a  circular  shaft  14  feet 
6  inches  in  diameter  would  be  found  the  most  satisfactory  in  all 
respects. 

If  a  rise  is  being  put  up,  or  if  stoping  is  being  carried  on 
without  any  winze,  there  is  no  difficulty  in  diverting  a  natural 
current  existing  in  the  level  below  and  making  it  serve  the 
working  place.     All  that  is  required  is  to  block  the  passage  of 
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the  current  along  the  level,  and  so  force  it  to  take  the  only  road 
that  lies  open  to  it.  In  iig,  570,  AB  is  a  level,  and  C  the  top 
of  a  rise,  which  has  an  open  compartment  at  each  end  ;  one  is 
fitted  with  ladders,  and  the  other  serves  as  a  shoot,  down  which 
ore  or  rubbish  can  be  thrown  into  the  level  below.  They  are 
separated  by  the  thick  partition  of  rubbish  piletl  upon  a  plat- 
form in  the  roof  of  the  level  and  confined  by  timber  at  both 
—  J-      £y  putting  a  parti- 
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tion  in  the  level,  the  air  ta 
made  to  pass  up  one  end  of 
the  rise,  sweep  out  the  foul 
air  produced  by  the  men, 
candles,  and  explosives  at  C, 
and  then  descend  into  the 
level  once  more.  The  par- 
tition may  be  a  wooden  door 
closing  tightly  against  its 
frame,  or  a  piece  of  brattice 
cloth  hung  from  the  roof, 
which  is  reatlily  lifted  when 
a  tram  waggon  has  to  pass 
underneath.  In  the  cttse  of  stopes  the  mode  of  procedure  is 
identical,  but  the  air  cuirent  1ms  not  to  uiiike  Kuch  sharp  turns. 
The  case  represented  in  Fig  568  is  that  of  woikingM  at  one 
level.  In  vein  mining  the  ore  is  generally  being  excavated,  or 
at  all  events  pre- 
Vio.  571.  limiuary  drjvages 
are  being  made, 
at  more  tliaii  one 
horizon.  In  Fig. 
571  two  shafts  have 
been  sunk,  and  two 
drivages  have  been 
made,  one  below 
the  other.  It  is 
easy  to  under- 
stand that  at  an 
earlier  stage  of 
the  working,  be- 
fore the  shafts 
had  been  sunk  to  £  and  F,  and  the  level  EF  driven,  a  current 
was  set  up  from  A  to  C  vul  B  and  D,  or  from  0  to  A, 
according  to  the  season  of  the  year;  but  when  the  level  £F 
has  been  driven,  what  is  to  bring  the  current  down  to  E,  for 
instance,  when  it  has  the  shorter  and  easier  road  direct  from  B 
to  D  ?  It  often  happens  that  special  conditions  in  the  shafts 
themselves,  to  which  allusion  has  already  been  made,  would  in 
any  case  cause  a  movement  in  the  air  from  B  to  E,  F  and  D, 
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even  if  the  two  columns  of  different  height  did  not  exist  above 
them,  and  in  that  case  some  air  would  find  its  way  down  to  E 
and  F ;  but  by  putting  a  door  at  G,  somewhere  between  H  and 
1),  the  main  current  csin  be  forced  to  proceed  by  the  longer 
road  and  ventilate  the  lower  workings.  If  air  is  required  for 
men  working  in  the  level  Bl),  the  partition,  or  door  G,  is  not 
made  close ;  then  part  of  the  main  cun*ent  takes  the  shorter 
road  from  B  to  D,  and  part  the  longer  road  from  B  to  E, 
F  and  D. 

Owing  to  the  number  of  shafts  which  are  usually  sunk  in 
working  veins,  and  differences  in  the  level  of  their  mouths, 

natural     cun-ents    are 

Fig.  572.  set     up     to    a    much 

\i  greater  extent  than  is 

the    case    in    working 

Id  _ beds,  where   a    couple 

Vt^  ^^ I  r —       of  pits   situated   close 


to  one  another  and  at 
the  same  level  have  to 
serve  as  the  sole  inlet 
and  outlet  orifices. 
d^  p ) """••_":"  ""'"'.7:*Jt-".D!}       For  this  reason  natural 


ventilation  is  often 
found  to  provide  a  fairly  sufficient  supply  of  air  along  the 
main  course  of  the  current,  and  the  miner  has  merely  to  provide 
for  the  ventilation  of  workings  in  the  form  of  a  cul-de-sac^  such 
as  ends,  rises,  and  winzes,  which  are  at  a  distance  from  this 
current. 

A  common  method  of  procedure  is  to  sink  winzes  at  frequent 
intervals;  if  AB  and  CD  (Fig.  572)  represent  two  levels,  10  to 
1 5  fathoms  apart,  which  are  being  driven  from  A  to  B  and  C  to 
D  respectively,  we  will  suppose  that  a  ventilating  current  exists 
as  shown  by  the  arrows.  B  and  D  are  blind  alleys,  so  to  say, 
but  so  long  as  their  ends  B  and  D  are  not  far  from  the  main 
draught,  they  may  be  sufficiently  ventilated  by  convection  cur- 
rents, set  up  in  the  manner  explained  in  Fig.  562.  Soon,  how- 
ever, this  mode  of  supplying  air  becomes  inadequate,  and  the 
miner  establishes  another  communication  between  the  two  levels 
by  a  fresh  winze  or  rise  JK ;  the  current  is  made  to  take  the 
road  shown  by  the  dotted  arrow,  if  a  stopping  of  some  kind  is 
put  into  the  winze  FE.  The  name  "  winze,"  sometimes  written 
"  winds,"  suggests  that  the  original  purpose  of  the  intermediat'e 
shaft  was  to  furnish  air.  In  some  mines  winzes  are  sunk  at 
fairly  regular  inteivals  of  30  fathoms ;  of  course,  in  selecting  a 
place  for  a  winze,  preference  is  given  to  ore-bearing  part*  of 
the  vein,  because  the  cost  of  sinking  will  then  be  partly  or 
wholly  repaid  by  the  mineral  excavated.  Even  when  the  in- 
dications at  the  top  may  not  warrant  the  assumption  that  ore  is 
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I  paying  quaatities,  the  winze  serves  to  prove  the 
ground  and  Hometimes  to  reveal  unsuspected  sturcea  of  profit. 
Winzes  may  be  said,  then,  to  have  five  useful  purposes:  venlila- 
tioQ,  exploration,  starting-points  for  stoping,  shoots  for  ore  or 
rubbish,  ladder-ro-ids  for  the  miners. 

Natural  ventilation  is  the  method  by  which  the  trunk- ventila- 
tion of  ma-4t  vein-mines  is  carried  on  at  the  present  day,  and  has 
been  carried  on  for  centuries.  Its  weak  points  are  want  of 
constancy  and  want  of  strength.  Consequently  the  miner  is 
often  driven  to  seek  artificial  aid. 

ABTIFICUL  VENTILATION.— Artificial  ventilation  is 
produced  either  by  (T.)  furnaces,  or  (II.)  machines. 

I.  FURNACE  VENTILATION.— By  employing  a  furnace, 
the   miner  can   effect  an   artificial  diSerence   of   temperature 

Fio.  573. 


between  two  columns  of  air  in  the   mine,  and  so  produce  a 
current  Kimilar  to  the  natural  draughts  just  described. 

In  small  undei-takings  a  fire  lit  at  or  near  the  bottom  of  the 
upcast  shaft,  or  confined  in  an  iron  vessel  suspendedin  the  pit, 
suffices  to  create  a  current,  when  the  natural  ventilation  is  no 
longer  adequate,  owing  to  the  state  of  the  external  atmosphere.* 

*  Yiie*  are  sometimes  employe^l  even  where  the  ventilalion  is  naturally 
good,  in  order  to  keep  the  iHrection  of  Ibe  current  unchanged,  e.y  to  main- 
tain a  travelling  shaft  as  the  upca.-^t  in  order  to  prevent  the  formation  ot 
^n^eftiu,s  icicJpR  and  masseB  of  ice  in  it. 
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From  small  beginnings  of  this  kind  has  developed  the  large 
underground  furnace,  which  is,  however,  in  the  vast  majority  of 
cases,  confined  to  the  domain  of  the  coal-miner,  and  even  there 
is  being  replaced  by  fans.  The  description  may,  therefore,  be 
extremely  brief.  The  ventilating  furnace  (Figs.  573,  574,  575) 
is  a  huge  fireplace  at  or  near  the  bottom  of  the  upcast  shaft, 
over  which  is  led  either  all.  the  air  of  the  mine,  or  a  part  of  it. 
The  air  heated  in  this  way  is  rendered  specifically  lighter,  and 
the  weight  of  the  column  of  cold  air  in  the  downcast  shaft  over- 
comes that  of  the  air  in  the  upcast  and  causes  it  to  ascend.  It 
is  precisely  the  same  action  as  that  which  takes  place  with  the 
usual  domestic  fireplace  in  this  country,  the  chimney  playing  the 
same  part  as  the  upcast  shaft.  Gold  air  is  drawn  in  from 
crevices  around  the  doors  and  windows,  is  heated  by  the  fire, 
and  ascends  the  chimney. 

If  the  air  of  the  workings  is  charged  with  a  dangerous  pro- 
portion of  inflammable  gas,  it  is  led  into  the  upcast  shaft  by  a 
special  drift — the  dumb  drift — at  a  point  where  there  is  no 
danger  of  its  taking  fire.  In  this  case  the  air  in  the  shaft 
becomes  warmed  in  its  upward  passage,  not  only  from  mixing 
with  the  current  coming  from  the  furnace,  but  also  from  coming 
in  contact  with  the  heated  sides  of  the  pit. 

11.  MEGHANIOAL  VENTILATION.  —  The  methods  of 
mechanical  ventilation  may  be  classified  as  follows: — 

( 1 )  Water  blast. 

(2)  Steam  jet. 

(1)  Reciprocating. 

(3)  Air  pumps.  -I  (a.  Acting  by  displacement. 


i    (1)  Reciprocating, 
\  (ii)  Rotary,   -j 


i» 


„  centrifugal  force. 


( I )  Waier  blast . — The  ordinary  water  blast  is  a  very  simple 
appliance :  it  is  the  well-known  tromp,  used  in  some  countries 
for  blowing  smiths'  forges.     A  stream  of  water  falls  down  a 

pipe,  entangling  air  drawn  in 
Fio.  576.  ^y   lateral    holes,    and    drops 

into  a  box  or  barrel  with  two 
^"ym^-iJ^.^i^mmKBrnsKaattm      orifices;  these  are  so  arranc^ed 


^;/><::^o^<<^^^^4i^ 


that  the  air   shall   escape   by 
one,   under  a   slight  pressure, 

and  the  water  from  the  other. 

WTmrfWr^T^m^T^mSL       The  current  of  air  is  carried 

by  square  pipes  made  of  boards, 
or,  better,  by  cylindrical  pipes  made  of  sheet  zinc,  to  the  place 
where  ventilation  is  required. 

The  fall  of  water  is  also  applied  by  Williams's  water-jet 
apparatus  (Fig.  576).  The  water  brought  down  in  a  pipe  from 
a  reservoir,  or  from  the  rising  main  of  the  column  of  pumps, 
issues  in  the  form  of  a  jet  from  a  nozzle,  and,  driving  out  the  air 
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in  front  of  it,  draws  in  air  behind.  The  water  is  let  off  by  a 
box  with  a  discharge  designed,  like  that  of  the  tromp,  to  give  a 
little  pressure,  whil&t  the  air-current  proceeds  through  a  series 
of  pipes  to  the  **end"  or  other  working-place.  The  water-blast 
has  the  merit  of  supplying  a  stream  of  cool  moist  air  which  is 
very  acceptable  where  the  working-place  is  dry  and  dusty.  By 
reversing  the  apparatus  the  current  may  be  made  to  flow  in  the 
opposite  direction,  and  the  "  end  "  is  then  ventilated  by  having 
its  foul  air  drawn  out  and  replaced  by  an  inward  draught  along 
the  level,  instead  of  being  supplied  directly  with  fresh  air  from 
the  outside  or  from  the  main  ventilating  current. 

(2)  Steam  Jet. — A  steam  jet  may  be  applied,  like  a  jet  of 
water,  to  ci'eate  an  exhaust  and  to  draw  out  the  foul  air.  For 
instance,  we  will  suppose  that  during  the  sinking  of  a  shaft  the 
air-pipe  in  Fig.  569  fails  to  act  in  an  adequate  manner,  owing  to 
a  change  in  the  atmospheric  conditions.  The  agent  desires  to 
remedy  this  state  of  affairs  by  some  cheap  and  temporary 
expedient.  If  he  brings  a  pipe  from  the  boiler  of  the  winding 
engine  to  the  upright  ventilating  pipe,  and  provides  it  with  a 
nozzle  pointing  upwards,  he  can  speedily  and  at  small  expense 
produce  an  upward  current  by  turning  on  steam.  The  steam  jet 
drives  air  in  front  of  it  up  the  pipe,  and  at  the  same  time  warms 
it  slightly.  The  exhausting  effect  produced  in  this  way  at  the 
bottom  of  the  pipe  is  sufficient,  in  small  sinkings,  to  draw  out  all 
the  foul  air. 

A  draught  may  be  produced  in  an  upcast  shaft  by  a  ring  at  the 
bottom,  from  which  issue  a  number  of  jets  of  steam.  Such  a 
mode  of  ventilation  may  be  useful  in  cases  of  emergency. 

(3)  Air  Pumps, — Mechanical  ventilation  on  a  large  scale  is 
always  effected  by  some  kind  of  air  pump,  and  generally  by  one 
which  has  a  rotary  action. 

(i)  Among  the  pumps  which  have  a  reciprocating  action,  the 
ordinary  air  compressor  must  be  named  first,  as  its  utility  as  a 
ventilating  agent  is  great.  The  air  escaping  from  boring  or 
other  machines  renders  good  service  in  driving  out  foul  gases 
genei-ated  in  the  workings,  and  there  is  the  advantage  that, 
after  blasting,  a  powerful  stream  of  air  can  be  turned  on  for  a 
short  time  so  as  to  sweep  out  the  noxious  fumes  completely. 
Even  where  the  ground  is  soft  and  no  machine  drill  required,  it 
is  easy  to  bring  in  air  from  the  main  by  a  line  of  smaller  pipes, 
and  turn  on  a  fresh  current  when  needed.  In  one  sense  it  is 
very  uneconomical  to  bring  air  to  a  pressure  of  60  or  70  lbs. 
to  the  square  inch  for  ventilating  purposes  only ;  but  where 
compressing  machinery  is  always  at  hand  for  working  under- 
ground engines,  it  is  better  to  be  a  little  wasteful  of  a  cheap 
power  at  the  surface  than  to  go  to  the  greater  expense  of  having 
a  boy  or  a  man  to  work  a  fan. 

In  a  long  level  driven  by  boring  machinery,  with  its  "  end  " 
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far  removed  from  the  main  ventilating  current,  the  smoke 
produced  by  blasting,  though  driven  away  from  the  aclual 
working  face,  still  hangs  about  for  a  time,  and  pollut«s  the 
atmosphere  which  the  miner  has  to  breathe  in  going  backwaiils 
and  forwards.  In  such  cases  it  is  best  to  draw  away  the  foul 
gase.'^  as  Noon  as  they  have  been  produced,  and  prevent  their 
mixing  with  the  air  of  the  level.  With  compressed  air  at  his 
command,  the  miner  can  easily 
Fio.  577.  work  un  a.spirator  of  some  kind 

such  as  Korting's,  or  Teague's 
somewhat  similar  contrivance 
(Fig.  577).  The  ordinary  air- 
main  for  bringing  in  the  com- 
pressed air  working  the  boring 
machinery  is  shown  at  the 
bottom  of  the  level,  with  the 
piece  of  flexible  hose  at  the  end.  The  boring  machine  has  been 
removed  and  the  air  shut  off  from  the  hose  ;  by  turning  another 
cock,  it  passes  up  the  upright  piece  of  pipe  and  rushes  out  of 
the  noEzle  in  a  direction  opposed  to  that  of  the  drivage.  This 
has  a  powerful  exhausting  effect,  and  the  "  end  "  can  be  cleared 
of  smoke  in  a  few  minutes. 

The  Hartz  blower  (du/rk  machine,  Cornwall)  (Figs.  578  and 

Fio.  578.      KiG.  S79.  Fic.  580. 


579)  is  iin  iiir  pump  of  simple  consti ui tion  which  can  be  □ 
up  by  any  mine  cai-penter.  It  consists  of  two  round  or  rec 
gular  boxes,  one  fitting  inside  the  other,  and  moved  up 
down  by  being  connected  to  the  main  rod  of  the  pumps ; 
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upper  box  has  a  valve  at  the  top,  and  the  lower  box  is  provided 
with  a  pipe  also  having  its  valve.  The  lower  box  is  partly  filled 
with  water  so  as  to  make  an  airtight  connection.  With  the 
valves  arranged  as  shown  in  Fig  579,  the  machine  will  act  as 
an  exhausting  pump  and  draw  out  the  foul  air ;  if  the  play  of 
the  valves  is  reversed  it  acts  as  a  blower. 

Struv^'s  ventilator  is  a  gigantic  double-acting  machine  of  this 
class,  so  constructed  that  it  draws  air  from  the  mine  during 
the  down  stroke  as  well  as  during  the  up  stroke. 

(ii)  a.  Among  the  rotary  air  pumps  acting  by  displacement 
may  be  mentioned  Roots's  ventilator,  of  which  various  sizes  are 
made,  suitable  to  the  requirements  of  the  whole  of  a  large 
mine  or  merely  to  those  of  a  single  "  end." 

This  air  machine  (Fig.  580)  consists  essentially  of  two 
similar  pistons  upon  parallel  shafts,  revolving  in  a  casing,  but 
without  actually  touching  each  other  or  the  casing.  The 
clearance  in  a  large  ventilator  is  under  ^  inch.  The  pistons 
are  of  such  a  shape  that  a  definite  volume  of  air  is  drawn  in  or 
forced  out  by  each  half-revolution.  As  the  pistons  are  always 
kept  in  position  by  gearing,  there  is  no  fear  of  one  coming  in 
contact  with  the  other. 

(ii)  b,  Cenfri/ufjal  VentHatcn^s  or  Faiis. — This  class  includes 
all  the  most  important  ventilators  in  use  at  the  present  day. 
They  are  characterised  by  the  fact  that  the  current  is  produced 
by  blades  or  vanes  fixed  to  a  shaft,  revolving  at  a  high  speed. 
The  air  lying  between  them  is  whirled  round  and  flies  off 
tangentially  at  the  tips,  like  a  stone  from  a  sling.  The  space 
occupied  by  this  air  is  at  once  filled  by  supplies  coming  in  at 
the  centre,  and  the  process  goes  on  continuously.  The  centri- 
fugal ventilators  or  fans  are  generally  used  as  exhausters — 
that  is  to  say,  they  are  arranged  so  as  to  suck  air  out  of  the 
mine,  instead  of  forcing  it  in.  They  can  claim  the  merit  of 
great  simplicity,  and  of  being  capable  of  withdrawing  very  large 
volumes  of  air. 

Five  types  of  fans  very  largely  used  at  the  present  day  are 
the  following :  Capell,  Guibal,  Rateau,  Schiele,  and  Waddle. 

The  Capell  fan  (Figs.  581  and  582)  consists  of  two  concentric 
cylindrical  chambers,  each  provided  with  six  curved  vanes  or 
blades,  the  convex  sides  of  which  are  turned  in  the  direction  of 
the  rotation.  The  cylindrical  shell  or  drum,  6,  between  the  two 
sets  of  vanes  contains  openings,  or  portholes,  d  cl,  allowing  the 
air  to  pass  from  the  inner  to  the  outer  chambers.  There  is  one 
such  opening  between  every  two  vanes.  The  air  contained 
between  any  two  of  the  inner  vanes,  c,  is  thrown  out  by  centri- 
fugal force  when  the  fan  revolves,  and  passes  at  a  high  velocity 
into  the  corresponding  outer  chamber  Here  it  is  supposed  to 
strike  against  the  concave  vane,  and  give  back  to  it  the  greater 
part  of  the  impulse  received  from  the  inner  chamber.      The 
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object  of  the  inventor  of  this  and  of  other  fans  is  to  discharge 
the  air  with  the  least  possible  velocity,  for  velocity  imparted  to 
the  outgoing  air  means  work  done  to  no  purpose,  or,  in  other 
words,  a  diminution  of  the  useful  effect  of  the  power  employed 
in  driving.  The  advantage  claimed  for  the  fan  is  that  it 
succeeds  in  effecting  this  object  even  when  driven  at  a  high 
speed,  and  that,  therefore,  it  can  do  a  large  amount  of  work  in 
spite  of  its  comparatively  small  diameter.  The  small ness  of 
the  fan  of  course  reduces  its  first  cost.  It  is  not  only  capable  of 
withdrawing  large  quantities  of  air,  but  also  of  effecting  a  con- 
siderable diminution  of  pressure. 

The  fan  may  be  made  with  an  inlet  on  one  side  only  or  with 
an  inlet  on  both  sides.  It  runs  in  a  spiral  casing,  not  fitting 
closely,  which  gradually  gives  a  larger  and  larger  outlet  for  the 
air  and  then  finally  discharges  it  into  an  expanding  chimney, 
^^gs-  5^1   ^^^  5^2  show  a  double  inlet  fan,  a  being  the  close 
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Fig.  582. 


vertical  diaphragm  separating  it  into  two  parts.  A  special 
passage  {fati  drift)  brings  the  air  from  the  upcast  shaft  to  the 
ventilator,  which  is  set  in  motion  by  a  belt  driven  by  the  fly- 
wheel of  a  pair  of  horizontal  engines. 

These  fans  are  made  of  diameters  varying  from  8  to  1 5  feet ; 
the  width  of  the  small  ones  is  7  feet,  that  of  the  largest  iii 
feet ;  they  are  driven  at  speeds  varying  from  1 80  revolutions 
per  minute  in  the  case  of  the  largest  fans,  to  300  in  the  case 
of  the  smallest.  Under  these  conditions  the  smallest  fan  is 
said  to  be  capcable  of  passing  a  volume  of  100,000  cubic  feet  of 
air  per  minute,  with  a  diminution  of  pressure  {iruter  gauge)  of 
2\  inches,  whilst  the  large  fan  moves  the  enormous  quantity  of 
300,000  cubic  feet  per  minute.  The  power  required  is  estimated 
at  60  I.H.P.  in  one  case  and  180  in  the  other. 

The  Guibal  fan  (Fig.  583)  has  deservedly  been  a  favourite 
for  many  years.  It  is  a  fan  with  eight  or  ten  straight  blades^ 
which  are  not  set  radially.  An  important  peculiarity,  intro- 
duced by  Guibal  and  since  copied  by  others,  is  the  expanding 
stack  or  chimney,  which  gradually  lessens  the  velocity  of  the 
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air  as  it  travels  towards  the  point  of  discharge  into  the  outer 
atmosphere,  and  the  sliding  shutter  a.  The  shutter  enables  the 
opening  of  the  fan-casing  into  the  expanding  chimney  to  be 
regulated  at  pleasure :  if  this  opening  is  too  big,  eddies  are 
formed  and  air  re-enters  the  fan ;  if,  on  the  other  hand,  the 
opening  is  too  restricted,  an  unnecessary  amount  of  force  is 
required  to  work  the  fan,  and  the  air  escapes  with  too  great 
velocity.  By  careful  regulation  the  best  possible  effect  is  attained. 
The  regulating  shutter  has  been  greatly  improved  by  Walker 
Brothers,  Ltd.,  of  Wigan,  who  make  the  opening  in  the  form 
of  an  inverted  V,  with  the  object  of  producing  a  gradual  instead 
of  a  sudden  change  as  each  blade  passes  into  the  enclosed  part 

Fig.  583. 


of  the  casing.  The  consequence  is  that  the'  amount  of  vibration 
is  greatly  reduced  and  the  fan  rendered  nearly  noiseless.  They 
build  their  fans  entirely  of  iron  or  steel. 

Guibal  fans  are  made  of  diameters  varying  from  20  to  46 
feet,  and  widths  varying  from  6  to  13  feet.  Fans  30  feet  in 
diameter  are  usually  driven  at  a  speed  of  about  sixty  revolu- 
tions per  minute,  and  the  large  fans  of  40  to  46  feet  at  fifty 
revolutions. 

The  Rateau  fan  draws  in  the  air  on  one  side  only.  It  consists 
of  from  18  to  24  curved  blades  of  steel  plate  attached  to  a 
steel  axle.  These  blades  in  revolving  cause  the  air  to  be  drawn 
in  at  the  centre,  and  then  expelled  at  the  periphery  into  a 
volute-shaped  diffusor,  which  gradually  increases  in  size  and 
ends  in  an  upright  chimney.  The  central  part  is  closed  in  by  a 
huge  steel  pipe  that  connects  the  fan  with  the  fan  drift. 
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The  Sehiele  fan  Ja  somewhat  like  the  Guibal.  It  has  the  sam« 
expanding  chimney,  but  the  blades  are  curved  and  the  casing  is 
not  close  (Fig.  584)  ;  besides,  the  width  of  the  blades  is  not  the 
same  throughout.  The  blade  is  widest  in  the  middle,  and  then 
it  decreases  both  towarits  the  centre  of  the  fan  and  towards  the 


tips.  It  is  a  small  fan  compared  with  the  Guibal,  the  diameter 
varying  from  5  to  20  feet,  width  from  i  to  3  feet  The  speed 
of  driving  is  500  revolutions  per  minute  for  the  smallest  fans 
and  no  per  minute  for  the  largest  The  air  ls  always  taken 
in  on  both  sides. 

The  Wtvidle  fan  differs  from  those  j\ist  desciibed  by  running 

Fia.  585. 


open — -that  is  to  say,  it  is  not  enclosed  in  any  external   caiiiiig 
(Fig.  585).     It  is  a  very  flat  hollow  truncated  cone,  with   the 
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base  closed  and  a  central  opening  on  the  other  side.  Originally 
the  blades  a  b  were  curved,  as  shown  in  the  figure,  but  latterly 
they  have  been  made  radial ;  c  c  are  some  of  the  outer  platea 
The  air  passes  in  at  the  centre  and  is  discharged  at  the  circum- 
ference. These  fans  are  made  with  a  diameter  of  30  to  45  feet. 
A  recent  improvement  is  the  addition  of  a  divergent  outlet — in 
other  words,  the  two  rims  projecting  beyond  the  blades  are 
inclined  outwards.  The  velocity  of  the  air  leaving  the  fan  is 
thus  lowered,  and  less  power  is  required  for  driving.  A 
Waddle  fan  (1890)  described  by  Mr.  Walton  Brown,  had  the 
following  dimensions : — 


Diameter  to  periphery  of  divergent  outlet 
,,  of  the  extremities  of  the  blades 
,,  „      inlet  ring 

Width  of  outlet 

periphery  of  fan 
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36 

4 

35 

0 

13 

6 

I 

14 

2 
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The  Waddle,  like  the  Guibal,  is  a  slow-running  fan,  which  can 
be  driven  directly  from  the  engine  without  the  aid  of  belts  or 
other  gearing.  Some  comparative  tests,  made  in  England  in 
1900,  showed  that  the  Guibal  fan  is  a  more  efficient  ventilator 
than  the  Capell,  the  Schiele,  or  the  Waddle ;  whilst  a  trial  in 
Belgium  proved  the  superiority  of  the  Rateau  over  the  Guibal. 

The  Mortier  ventilator  (Fig.  586)  is  a  quick-running  enclosed 
fan  of  relatively  small  proportions  and  of  a  peculiar  construction. 
The  moving  part  resembles  in  some  respects  a  paddle-wheel  of  a 
steamer ;  it  consists  of  a  horizontal  shaft  carrying  a  steel  disc, 
on  both  sides  of  which  are  attached  36  blades  or  paddles  curved 
forwards  in  the  direction  of  rotation.  The  blades  occupy  a  space 
whose  width  from  the  periphery  inward  equals  ^  of  the  radius ; 
they  are  radial  towards  the  interior,  but  bend  forwards  till  at 
the  outer  circumference  they  make  an  angle  of  40**  with  the 
radius.  The  fan  runs  in  a  cylindrical  casing,  the  side  walls  of 
which  are  pierced  for  the  passage  of  the  spindle  of  the  fan ;  the 
cylindrical  part  of  the  casing  has  two  rectangular  openings,  the 
wider  for  the  inlet,  the  narrower  for  the  outlet,  which  widens 
out  into  an  expanding  chimney.  The  mid-points  of  the  two 
openings  are  not  quite  diametrically  opposite.  The  central 
hollow  of  the  wheel  is  partially  blocked  up  or  obstructed  opposite 
that  part  of  the  cylindrical  casing  where  the  paddles  travel  in 
the  opposite  direction  to  the  air-current.  This  is  effected  by 
means  of  two  cylindrical  segments  F  F,  which  project  inwards 
nearly  to  the  centnil  disc  of  the  wheel  from  the  two  side  walls 
of  the  casing  which  can*y  them.  The  cylindrical  part  of  the 
casing  on  the  opposite  side  of  the  wheel  is  adjustable,  and  can  be 
placed  close  to  the  tips  of  the  blades  or  at  any  distance  up  to 
about  a  foot  away.  Through  the  passage  thus  made,  a  quantity 
of   air  is  dragged  or  aspirated   in  addition  to  that  which  is 
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scooped  into  the  fan  by  the  paddles  on  one  side,  and  which 
pa&ses  across  the  central  ^pace  and  13  thrown  out  on  the  other 
side.  While  the  volume  of  air  delivered  is  thus  augmented, 
there  is  at  the  same  time  a  decrease  in  the  manometrical 
depreshiion,  so  that  thei-e  is  no  resulting  increase  in  mecliamcal 
efficiency,  and  there  niay  even  be  a  falling  off  in  the  useful 
effect.     Apart  from  this  question,  however,  the  airangemetit 

Xlo.  586. 


may  be  a  useful  one  whereby  the  fan  is  more  adaptable  to 
the  various  conditions  met  with  ia  ventilating  practice.  The 
Mortier  veiitilatoi' is  made  in  sizes  r.mging  between  tS  inches 
and  8  feet,  and  it  ia  run  at  the  rate  of  300  to  400  revolutions 
per   minute.     Very   high   efficiencies    have   been    reporteil    in 

TBSTINQ  THE  ttUALIIT  OF  THE  AIS.— In  a  well- 
regulated  mine  the  manager  should  be  able  to  deterinine  the 
quality  and  quantity  of  the  air  circulating  in  the  workings,  and 
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the  eMciency,  ffom  a  mechanical  point  of  yiew,  of  the  machinery 
e^iployed  for  ventilation. 

A  knowledge  of  the  quality  of  the  air  is  necessary  for  two 
reasons :  it  may  contain  gases  capable  of  causing  accidents  by 
explosion  or  suffocation,  or  it  may  be  polluted  by  gaseous  and 
other  impurities  likely  to  injure  the  health  of  the  men  who  have 
to  breathe  it. 

Though  ore  and  stone  miners  are  rarely  exposed  to  any  danger 
from  fire-damp,  exceptional  cases  arise  in  which  carburetted 
hydrogen  is  emitted  naturally  or  formed  artificially  in  mines,  as 
mentioned  in  the  beginning  of  this  chapter.  It  is  therefore 
essential  that  the  miner  should  have  some  knowledge  of  the 
means  employed  in  testing  for  fire-damp,  even  if  he  is  not  going 
to  manage  a  colliery.  However,  the  subject  must  be  treated 
briefly,  and  those  desirous  of  further  information  may  be 
referred  to  treatises  on  coal-mining. 

Indications  of  fire-damp  are  afforded  by  the  singing  noise 
made  by  the  gas  if  it  is  issuing  forth  in  large  quantities  from 
moist  coal,  by  its  bubbling  up  in  water,  and  by  the  cracking 
noise  of  bubbles  as  they  burst ;  but  its  presence  is  commonly 
detected  by  its  effect  upon  the  flame  of  a  lamp  burning  oil, 
benzine,  alcohol,  or  hydrogen.  The  additional  brilliancy  which 
it  imparts  to  a  platinum  wire  made  incandescent  by  the  passage 
of  an  electric  current  may  also  be  employed  as  a  test,  or  the 
diminution  in  the  volume  of  a  measured  quantity  of  air,  exposed 
to  the  action  of  a  red-hot  palladium  or  platinum  wire,  causing 
combustion. 

The  lamp  employed  should  be  a  safety  lamp,  for  fear  that  an 
accidental  ignition  of  the  gas  should  cause  an  explosion.  A  few 
safety  lamps  will  be  described  in  the  next  chapter.  They  are 
fed  with  vegetable  or  mineral  oil,  or  with  a  mixture  of  them. 
In  testing  for  "gas"  the  wick  is  drawn  down  until  the  yellow 
flame  almost  disappears,  and  the  lamp  is  held  in  the  place 
where  the  fire-damp  is  supposed  to  be  present :  on  account  of 
its  specific  lightness  it  lodges  against  the  roof,  and  it  is  there,  if 
anywhere,  that  it  is  most  likely  to  be  found.  If  fire-damp  is 
present  in  sufficient  quantity,  its  combustion  produces  a  pale 
blue  "  cap "  (halo  or  aureola)  around  the  little  flame,  and  the 
greater  the  proportion  of  fire  damp,  the  higher  the  cap.  Accord- 
ing to  Galloway,  2  per  cent,  of  fire-damp  in  the  air  will  give  an 
exceedingly  faint  cap  ^  inch  high^  whilst  4  per  cent,  gives  a 
conical  cap  ^  to  f  inch  high.  If  a  lamp  fed  with  benzine  is 
used,  the  phenomena  are  plainer.  The  appearances  of  the  flame- 
burning  in  mixtures  of  air  and  marsh-gas  of  different  propor- 
tions were  well  represented  by  coloured  plates  in  a  report  made 
by  Kreischer  and  Winkler  in  1884,  and  in  the  Report  of 
the  Austrian  Fire-Damp  Commission,  1890.  With  i  per  cent, 
of  fire-damp  there  is  a  faint  aureola,  and  with  2  per  cent,  it  is 
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plain,  conical  at  the  top  and  |  inch  (lo  mm.)  high;  when  the 
proportion  is  increased  to  3  per  cent.,  there  is  a  well-defined 
cap  I  inch  (20  mm.)  high.  By  using  a  dead -black  background, 
it  is  claimed  that  Ashworth's  modified  benzoline  safety-lamp 
will  give  a  distinct  cap  ^  inch  high  with  ^  per  cent,  of  fire-damp. 
The  blue  non-luminous  flame  of  alcohol  enables  still  smaller 
quantities  of  fire-damp  to  be  made  known,  and  the  Pieler  lamp 
is  based  upon  this  fact.  It  begins  to  indicate  with  \  per  cent, 
of  fire-damp,  and  even  with  ^  per  cent,  the  cap  is  2  to  2^  inches 
high,  and  clearly  recognisable ;  with  i  per  cent,  it  is  nearly 
4  inches  high. 

Chesneau  obtains  a  plainer  and  more  brilliant  cap  by  adding 
a  little  nitrate  of  copper  and  an  organic  chloride  to  the  alcohol, 
and  Stokes  has  introduced  the  improvement  of  combining  a 
detachable  alcohol-reservoir  with  an  ordinary  safety-lamp,  and 
so  enabling  the  official  to  dispense  with  the  necessity  of  carrying 
two  large  lamps. 

Mallard  and  Le  Chatelier  pointed  out  the  value  of  the  hydro- 
gen flame  as  a  fire-damp  indicator  in  a  report  to  the  French 
Fire-damp  Commission,  and  Pieler  made  use  of  it  for  testing 
samples  of  mine  air  which  were  brought  to  a  laboratory  at  the 
surface.  In  1892  Prof.  Clowes  constructed  a  hydrogen  lamp 
sufficiently  portable  for  use  underground  in  the  working  places 
themselves.  The  lamp  is  so  constructed  that  it  will  bum 
either  an  illuminating  oil  or  hydrogen  as  required.  A  little 
tube  is  brought  up  through  the  oil  reservoir,  and,  on  turning  a 
cock,  a  jet  of  hydrogen  issues  forth  close  to  the  ordinary  oil 
flame.  It  ignites  at  once,  and  the  wick  of  the  oil  flame  is 
pulled  down  till  it  goes  out :  the  non-luminous  hydrogen  flame 
now  serves  as  a  delicate  indicator.  The  oil-flame  is  relighted 
from  the  hydrogen  flame  when  the  testing  is  concluded,  and  the 
gas  is  then  turned  off.  The  cap  with  J  per  cent,  of  fire-damp 
is  §  inch  (17  mm.)  high,  and  with  i  per  cent,  it  is  |  inch  (22  mm.) 
high.  The  hydrogen  is  contained  in  a  small  steel  cylinder 
which  can  be  attached  to  the  lamp  in  the  form  of  a  handle. 

The  combination  of  a  very  delicate  testing  apparatus  with 
the  ordinary  lamp  has  the  advantage  of  enabling  the  official  to 
do  his  work  with  one  lamp  instead  of  two. 

Liveing's  patent  gas  indicator  depends  upon  the  fact  that 
fine  platinum  wire,  made  red- hot  by  the  passage  of  an  electric 
current,  will  glow  with  greater  brilliancy  when  there  is  fire- 
damp present  in  the  atmosphere  than  when  there  is  none.  This 
phenomenon  is  due  to  the  heat  given  off  by  the  combustion  of 
the  fire-damp  in  immediate  contact  with  the  wire  ;  and  the 
greater  the  heat,  the  more  the  wire  will  glow.  The  increase  in 
brilliancy  corresponding  to  a  given  percentage  of  fire-damp  is 
measured  by  a  small  photometer,  which  cannot  be  understood 
without  a  figure. 
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Beard  and  Mackie  attach  above  the  wick  tube  a  frame  like  a 
miniature  ladder  with  horizontal  cross-bars  made  of  platinum 
wire.  The  greater  the  amount  of  gas  present,  the  hotter  and 
longer  will  be  the  flame ;  and  the  percentage  of  gas  is  gauged 
by  the  height  to  which  the  cross-bars  are  heated  to  rednesa 

Shaw's  apparatus  is  based  upon  the  principle  of  determining 
the  limits  of  inflammability  of  gaseous  mixtures,  or,  in  other 
words,  of  ascertaining  the  precise  degree  of  dilution  which 
renders  the  mixture  just  capable  of  being  ignited.  It  consists 
of  two  main  parts,  an  ingenious  mixing  apparatus  and  an  ex- 
ploding chamber.  By  the  aid  of  the  first,  a  mixture  of  pure 
air  with  inflammable  gas,  or  with  mine  air,  can  be  prepared  in 
any  desired  proportions,  and  then  driven  into  a  cylinder,  where 
it  meets  with  a  naked  flame.  If  the  mixture  contains  a  sufficient 
proportion  of  inflammable  gas  to  explode^  a  loose  stopper  is 
blown  out  and  strikes  a  bell,  giving  an  audible  signal.  By 
making  a  succession  of  experiments,  the  exact  volume  of  mine 
air  required  to  bring  a  known  mixture  of  gas  and  air  to  the 
ignition  point  can  be  ascertained,  and  from  this  the  percentage 
of  fire-damp  is  determined.  Le  Chatelier's  plan  of  using  a 
glass  burette  for  the  determination  is  simpler  and  quite  as 
accurate ;  but  in  both  cases  the  test  must  be  made  at  the 
surface. 

Two  evils  are  feared  from  the  presence  of  carbonic  acid 
gas  in  the  atmosphere  of  mines — either  suffocation  when  the 
proportion  is  large,  or  injury  to  health  when  the  proportion  is 
smaller.  If  the  gas  is  issuing  from  the  rocks,  it  settles  down 
at  the  bottom  of  the  excavation  in  virtue  of  its  specific  gravity, 
and  men  have  been  asphyxiated  by  descending  into  shafts  and 
wells  in  which  the  gas  has  accumulated  without  their  know- 
letlge.  Where  danger  of  this  kind  may  be  apprehended — for 
instance,  in  mines  known  to  be  liable  to  emissions  of  carbonic 
acid,  or  in  the  case  of  old  workings  that  have  not  been  recently 
entered,  the  usual  test  is  lowering  a  lighted  candle.  If  the 
candle  is  found  to  burn  brightly,  it  is  concluded  that  there  will 
be  no  danger  in  making  the  descent ;  if  it  goes  out  it  is  evi- 
dent that  the  air  is  unfit  to  support  combustion  and  human 
life  ;  if  it  burns  dimly  there  is  need  for  the  greatest  caution. 

A  detailed  account  of  some  rapid  methods  of  analysis  devised 
by  Dr.  Haldane,  and  a  ti'anslation  of  Dr.  Otto  Brunck's  intro- 
duction to  mine  air  analysis  by  simple  methods,  are  contained  in 
a  companion  book  *  to  this  volume,  on  the  investigation  of  mine 
air,  by  Sir  C.  Le  Neve  Foster  and  Dr.  J.  S.  Haldane. 

The  manipulations  are  not  difficult,  and  any  mine  agent 
capable  of  doing  the  delicate  work  required  for  an  accurate 
mine  survey  or  the  assay  of  an  ore,  would  find  no  difficulty  in 

*  London:  Charles  Griffin  k  Co.  Ltd.»  1905. 
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making  determinations,  sufficiently  exact   for  his  purpose,  of 
carbonic  acid  and  oxygen  in  underground  air. 

When  the  task  consists  in  determining  the  proportion  of  such 
gases  as  sulphiiretted  hydrogen  or  the  quantity  of  organic  matter, 
he  must  call  in  the  services  of  the  chemist. 

MEASURINa  THE  aUANTITY  AND  PBESSUBE  OF 
THE  AIB. — More  attention  is  paid  by  miners  to  measure- 
ments of  quantity  than  to  determinations  of  quality.  The 
quantity  of  air  passing  through  any  given  passage  can  be 
calculated  by  measuring  its  sectional  area  and  ascertaining  the 
speed  of  the  current.  In  the  old  days  there  were  two  rough 
methods  of  estimating  the  velocity  of  an  air  current:  (i)  by 
carrying  a  candle  in  the  hand  and  regulating  the  pace  so  that 
the  flame  was  not  deflected  either  backwards  or  forwards,  the 
rate  of  walking  was  therefore  precisely  that  of  the  current ;  (2) 
by  exploding  a  little  gunpowder  and  observing  how  long  the 
smoke  took  to  travel  along  a  measured  distance  in  a  level. 
These  methods  have  been  abandoned  in  favour  of  speed-measur- 
ing instruments  known  as  anemometers. 

Anemometers. — Two  kinds  may  be  mentioned  :  fan-plate  type 
and  windmill  type. 

Dickinson's  is  one  of  the  former  class  ;  it  consists  of  a  plate 
of  mica,  hung  from  two  fine  bearings,  and  counterpoised  so  that 
a  very  light  breeze  will  deflect  it  from  its  normal  vei-tical 
position.  The  deflection  is  measured  by  a  quadrant  attached  to 
the  frame  of  the  fan-plate,  and,  instead  of  marking  the  angles, 
it  is  usual  to  show  by  the  graduations  the  velocity  of  the  air 
in  feet  per  minute.  The  instrument  is  graduated  by  actual 
experiments  upon  a  testing  machine. 

In  anemometers  of  the  second  type,  the  speed  of  the  air- 
current  is  determined  by  the  number  of  revolutions  of  an 
instrument  provided  with  vanes  like  those  of  a  windmill. 
Biram's  anemometer,  one  very  commonly  used,  has  eight  or 
ten  vanes  made  of  mica  or  vulcanite  or  aluminium,  attached  to 
arms  radiating  from  a  small  central  wheel.  The  instrument  is 
held  up  at  arm's  length  in  the  current,  and  by  the  aid  of  suitable 
gearing  and  dials  and  pointers,  like  those  of  a  gas-meter,  it 
registers  either  the  number  of  its  revolutions,  or  the  rate  in 
feet  or  metres  at  which  the  air  is  travelling,  during  a  short 
period  of  time,  measured  by  a  watch. 

As  a  slow  current  of  air  will  not  make  the  vanes  move  round, 
from  its  being  unable  to  overcome  the  friction  of  the  parts, 
the  makers  usually  supply  a  certificate  with  each  instrument 
showing  what  correction  must  be  made  on  this  account.  The 
correction  is  determined  by  a  testing  machine,  on  which  the 
anemometer  can  be  whirled  round  at  various  rates  of  speed  ;  it  can 
then  be  seen  how  far  the  readings  of  the  anemometer  agree  with 
the  known  velocity  at  which  the  whirling  has  been  carried  on. 
John  Davis  &  Son,  Ltd.,  of  Derby,  make  a  self- timing  anemo- 
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meter  which  dispenses  with  the  use  of  a  watch  ;  it  is  held  up  in 
the  current,  and  when  the  vanes  are  considered  to  be  revolving 
at  a  constant  speed,  a  catch  is  pressed  ;  this  allows  the  vanes  to 
act  on  a  pointer  which  indicates  on  a  dial  the  velocity  in  feet  or 
in  metres  per  second. 

In  making  observations  with  the  anemometer,  it  is  essential 
that  an  airway  of  uniform  section  be  taken  ;  levels  which  are 
lined  with  brick  arching  are  well  adapted  for  the  purpose.  If 
the  air  is  not  regular,  eddies  will  be  set  up  interfering  with 
the  accuracy  of  the  results.  A  further  necessary  precaution  is 
taking  observations  in  various  parts  of  the  area  chosen  for 
the  experiment,  because  the  velocity  is  not  uniform  through- 
out this  area.  The  mean  of  the  readings  gives  the  mean  velocity 
of  the  current.  In  the  instructions  laid  down  by  a  committee 
appointed  by  three  of  the  British  mining  institutes  in  i888,  the 
area  at  which  the  observations  are  made  has  to  be  divided  up 
by  horizontal  and  vertical  sti  ings  into  sixteen  equal  parts,  and 
a  reading  of  the  anemometer  taken  in  each. 

Water-Oaugpe. — For  calculating  the  efficiency  of  the  venti- 
lating machinery,  a  mere  knowledge  of  the  volume  of  air  passed 
through  the  workings  does  not  suffice ;  in  addition,  its  pressure 
has  to  be  determined,  or  rather  the  difference  between  its 
pressure  and  that  of  the  external  atmosphere. 

The  instrument  employed  for  this  purpose  is  the  manometer, 
or  water-gauge.     It  is  a  glass  tube  bent  in  the  form  of  a  U, 
partly  filled  with  water ;    one   leg   is   in  communication   with 
the  outer  atmosphere  and  the  other  with 
that  of   the  mine.     Usually  it  is  placed  in 
the  engine-house   of   the   fan,  and  a  pipe 
is  carried  from  it  into  the  fan  drift.     Tlie 
suction  of  the  fan  causes  the  pres.su re  of 
the  air  in  the  mine  to  be  less  than  that  of 
the   external   atmosphere,  and  the  diminu- 
tion of  pressure  is  indicated  by  the  differ- 
ence in  the  heights  of  the  two  columns  of 
water  in  the  U-tube.     The  manner  in  which 
a  water-gauge  acts  can  easily  be  explained 
to  students  by  constructing  a  model  from  a 
Woulff's   bottle  (Fig.  587),    or   any   other 
bottle  or  jar  which  will  take  three  pieces  of 
glass  tube.      If   the  mouth  is  applied  to  the  piece  of  india- 
rubber  tube  A,  air  can  be  drawn  through  the  bottle  in  the 
direction  indicated  by  the  arrows.     With  a  certain  degree  of 
suction,  the  resistance  caused  by  the  passage  through  the  tube 
B  becomes  plain,  and  a  strong  air  current  is  not  produced  until 
the  external  pressure  is  decidedly  greater  than  that  inside  the 
bottle,  which  is  indicated  by  the  rise  of  the  coloured  water  in 
the  gauge  C,  as  shown  in  the  figure. 
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In  the  instruments  employed  in  mines,  the  dilTerence  in 
pressure  is  measured  by  a  scale  which  can  be  moved  up  and 
down  by  a  screw,  so  as  to  make  the  zero  correspond  with 
the  level  of  the  water  in  the  free  limb.  In  Russell's  gauge, 
a  float  in  the  limb  open  to  the  upcast  carries  a  submerged 
scale,  whose  zero  swims  at  the  level  of  the  water,  so  that  the 
difference  of  height  of  the  two  columns  can  be  read  off  directly. 
It  usually  varies  from  i  to  4  inches.  In  order  to  prevent  the 
water  in  the  gauge  from  oscillating  rapidly  up  and  down, 
which  would  happen  if  the  current  were  irregular,  the  tube 
connecting  the  two  upright  limbs  is  contracted,  or,  what  comes 
to  the  same  thing,  the  gauge  is  made  in  the  form  of  two 
chambers  with  a  glass  front  and  a  connecting  aperture,  the 
size  of  which  can  be  regulated  by  a  tap.  This  is  Dickinson's 
water-gauge,  which  is  a  brass  box  6  inches  high,  4  inches  wide, 
and  3  inches  deep,  with  a  partition  in  the  middle,  making  two 
chambers  each  2  inches  by  3  inches.  A  glass  front  shows  the 
two  columns  of  water,  and  a  scale,  graduated  into  inches  and 
tenths,  shows  the  difference  in  their  heights. 

In  Prussia,  Ochwadt's  self-recording  water-gauge  is  largely 
used.  It  consists  of  two  cylindrical  reservoirs  partly  filled  with 
water  and  connected  at  the  bottom,  one  reservoir  being  connected 
with  the  fan  drift  and  the  other  with  the  external  atmosphere. 
Any  difference  of  pressure  between  the  air  in  the  two  cylinders 
is  indicated  by  a  difference  of  level  between  the  two  surfaces  of 
water,  and  the  variations  in  pressure  are  recorded  by  marks  on 
a  paper  on  a  cylinder  driven  by  a  clock. 

Efficiency  of  Ventilating  Appliances. — The  efficiency  of  a 
fan  or  other  ventilator  is  calculated  by  comparing  the  work 
which  it  does  in  drawing  air  through  the  mine,  with  the  work 
done  by  the  steam  in  moving  the  piston  of  the  engine  that 
drives  it. 

The  work  done  in  moving  air  is  reckoned  from  the  volume 
displaced  and  the  pressure;  the  former  is  ascertained  by  the 
anemometer  and  the  latter  by  the  water-gauge.  As  a  cubic 
foot  of  water  weighs  6  2  "4  2  5  pounds,  each  inch  indicated  by 
the  water-gauge  will  represent  pressure  of  one- twelfth  of  this 
amount,  or  5*2  pounds  per  square  foot.  A  difference  of  level  of 
the  water-gauge  of  2  inches  will  mean  2  x  5*2  or  10*4  pounds 
pressure  per  square  foot.  In  common  parlance,  the  miner 
spe^iks  of  a  "  water-gauge  "  of  2  inches,  for  instance,  meaning 
thereby  a  difference  of  level  of  the  water  in  the  two  limbs 
of  the  gauge. 

The  work  done  is  looked  upon  as  that  of  pushing  a  volume  of 
air  through  a  pipe  under  the  pressure  indicated  by  the  water- 
•jauge.  Let  A  represent  the  area  of  the  airway  in  square  feet, 
V  the  velocity  of  the  air  current  in  feet  per  minute,  as  measured 
by  the  anemometer,  W  the  water-gauge  in  inches^  5*2  pounds 
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being  the  weight  of  a  column  of  water  one  inch  high  with 
an  area  of  i  square  foot,  E  the  useful  effect  of  the  ventilation. 
Then 

E  =  (AVWx  5*2)  foot-pounds  per  minute. 

To  ascertain  the  horse-power  it  is  only  necessary  to  divide  by 
33,000,  and  we  may  state  : 

j,^AVWx5-2„p 
33,000 

Thus,  to  take  an  example  :  if  the  quantity  of  air  in  circulation, 
A  V,  is  100,000  cubic  feet  per  minute,  tlie  water-gauge  15 
inches,  the  useful  effect  of  the  ventilation  will  be  : 

100,000  X   1 '5  X  C'2  ^.^^    tr   T> 

1 2 — £_=23*63  H.P. 

33,000 

The  efficiency  of  the  ventilating  plant  is  the  ratio  of  the  horse- 
power of  the  ventilation  so  calculated  *  to  the  indicated  horse- 
power of  the  driving  engine. 

Supposing  that  the  indicated  horse- power  was  found  to  be  45, 
we  should  have  the  ratio  of  23*63  to  45  as  denoting  the 
efficiency.     In  other  words : 

2'?'6  X 

Efllcieucy  =  =  0"525i  or  52*5  per  cent. 

45 

Resistance  caused  by  FrictioD. — The  amount  of  power 
required  to  overcome  the  friction  of  the  air  current  in  passing 
through  the  passages  of  the  mine  must  be  studied,  because  it  is 
an  important  factor  in  the  problem  of  ventilation ;  and  unless 
its  effects  are  appreciated  the  best  method  of  arranging  the 
ventilation  will  not  be  understood. 

The  amount  of  friction  depends  upon  6ve  conditions : 

1.  The  length  of  the  airway,  which  we  may  call  L. 

2.  The  perimeter  of  the  airway,  P. 

3.  The  sectional  area  of  the  airway,  A. 

4.  The  velocity  of  the  current,  V. 

5.  Tlie  nature  of  the  rubbing  surface,  the  effect  of  which  may  be 

expressed  by  a  co-efficient  C. 

The  friction  is  directly  proportional  to  the  length  of  the  airway 
and  its  perimeter;  in  other  words,  if  there  is  twice  as  much 
rubbing  surface,  there  is  twice  as  much  friction.  It  is  inversely 
proportidnal  to  the  sectional  area  of  the  airway — that  is  to  say, 
a  level  7  feet  high  and  10  feet  tvide  will  cause  only  one-half  of 
the  friction  produced  in  a  level  of  the  same  height,  but  5  feet 
wide.    Lastly,  the  friction  increases  as  the  square  of  the  velocity. 

*  Less  the  amount  due  to  natural  ventilation,  which  is  no  doubt  often 
considerable,  but  is  here  neglected  in  order  not  to  complicate  the 
question. 
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These  relations  may  be  expressed  by  the  general  formula : 

L  p  y2 
Resistance  due  to  friction  =C  —  — 

A 

It  is  evident  from  this  formula  that  it  is  desirable  to  shorten 
the  path  of  the  air  as  far  as  possible ;  much  is  done  in  this 
direction  nowadays  by  "  splitting  '*  the  air  current — that  is  to 
say,  dividing  it  into  separate  branches  instead  of  causing  the 
whole  of  the  current  of  the  downcast  shaft  to  travel  through  the 
entire  length  of  the  workings. 

With  regard  to  the  second  factor,  the  perimeter,  it  may  be 
well  to  notice  that  a  circular  section  is  the  one  with  which  a 
given  length  of  perimeter  affords  the  largest  area.  Take,  for 
insUiuce,  the  case  just  cited  of  a  rectangular  airway,  7  feet 
high  by  5  feet  wide,  with  a  perimeter  of  24  feet  and  an  area  of 
35  square  feet.  A  circle  having  a  circumference  of  24  feet 
would  have  an  area  of  45*8  square  feet,  or  30  pei  cent,  more 
than  the  rectangle. 

Splitting  has  also  the  effect  of  reducing  the  velocity  required 
for  the  passage  of  a  given  quantity  of  air  through  the  mine. 
Supposing  that  90,000  cubic  feet  are  wanted  per  minute  in 
order  to  ventilate  the  mine  ;  if  the  mine  is  divided  into  three 
equal  and  similar  districts  and  each  is  ventilated  separately  by 
one-third  of  the  main  current,  the  velocity  of  the  minor  current* 
need  be  only  one-third  of  what  would  have  been  necessary  if 
all  the  air  had  had  to  travel  by  one  road.  Reducing  the 
velocity  to  one-third  means,  according  to  the  formula,  a 
diminution  of  the  resistance  caused  by  friction  to  one-ninth. 

The  co-efficient,  C,  varies  according  to  the  nature  of  the 
rubbing  surface ;  in  smooth  passages,  such  as  those  of  levels 
lined  by  an  arching  of  brick,  it  will  naturally  be  less  than  in  the 
irregular  airways  along  the  working  face,  or  in  an  airway  with 
frames  of  timber,  forming  a  succession  of  projecting  obstacles  at 
short  intervals. 

If  the  resistance  due  to  friction,  or,  in  other  words,  the 
pressure  required  to  overcome  it,  is  measured  in  pounds  per 
square  foot,  then  taking  L  and  P  in  feet,  V  in  thousands  of  feet 
per  minute,  and  A  in  square  feet,  the  co-efficient  0  varies  from 
o'co2  to  0*014  according  to  the  nature  of  the  airway. 

Mining  engineers  owe  a  debt  of  gratitude  to  M.  Murgue  for 
his  graphic  representation  (Fig.  588),  which  illustrates  the  influ- 
ence of  the  sides  of  an  airway. in  a  most  striking  fashion.  He 
compares  three  kinds  of  airways  :  one  arched,  A  B  C  ;  a  second, 
D  E  F  G,  in  bare  rock ;  and  a  third,  H  I  J  K,  lined  with 
timber  ;  and  he  shows  that,  with  the  dimensions  given  in  the 
figure,  all  three  airways  produce  the  same  amount  of  friction,  or 
cause  the  same  loss  of  **head."  In  other  words,  the  arched 
passage  A  B  C,  in  spite  of  its  small  dimensigns^  offers  no  greater 
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resistance  to  the  air  current  than  the  large  timbered  tunnel 
H  I  J  K ;  whilst  you  may  put  the  brick  lining  ABC  inside  a 
level  D  E  F  G  without  in  any  way  requiring  additional  ventilat- 
ing power.  He  concludes  that  it  is  more  important  to  diminish 
the  friction  in  the  air-passages  than  to  seek  for  better  ventilators, 
and  that  the  miner  can  lessen  the  resistance  to  air-currents  not 
only  by  increasing  the  size  of  his  levels,  but  also  by  lining  them 
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with  brick  or  stone  in  place  of  timber,  and  by  keeping  them  as 
straight  as  possible. 

Separate  Veatilation. — In  Germany  considerable  attention 
has  been  lately  paid  to  *'  separate  ventilation  "  in  which  small 
auxiliary  ventilating  machines  are  systematically  used  to  assist 
the  main  current  at  the  very  points  where  the  latter  is  weakest 
and  least  efficient,  and  where,  at  the  same  time,  good  ventila- 
tion is  most  required,  e,g,  in  advance  headings.  Auxiliary 
ventilation  has  in  general  hitherto  played  a  very  minor  part, 
but  its  advocates  claim  that  it  competes  in  economy  with  the 
method  in  vogue  of  depending  almost  entirely  on  a  main  ven- 
tilating station,  and  that  it  should  be  adopted  to  a  much  greater 
extent  than  is  usual,  particularly  in  cases  where  large  quantities 
of  dangerous  gases  are  met  with. 
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If  places  are  not  being  sufficiently  ventilated,  the  defect  may 
indeed  be  remedied  by  doing  more  work  at  the  main  Tentilation 
station,  but  the  policy  of  increasing  the  ventilating  power  for  the 
whole  mine,  only  a  small  fraction  of  the  increase  being  applied 
to  the  special  object  in  view,  is  certainly  open  to  question.    It 
is  true  that  to  apply  the  power  at  a  number  of  outlying  points, 
in  place  of  adding  to  that  of  the  central  one,  is  a  mechanicallv 
bad  arrangement,  and  the  losses  of  efficiency  due  to  the  trans- 
mission and  distribution  of  power  among  a  number  of  machines 
will   no   doubt,  in  some  cases,  more  than  counterbalance  the 
advantage  due  to  the  lesser   demand   for   ventilating  power. 
But  the  question  of  mere  mechanical  efficiency  in  the  aggre- 
gate, and  of  relative  cost,  often  becomes  of  minor  importance 
by  the  side  of  that  of  safety.     In  the  case  of  a  fiery  mine  the 
air  current  from  an  auxiliary  ventilator  flushes  out  the  dangerous 
gases  at  their  very  point  of  origin,  and  should  a  fire-damp  ex- 
plosion occur  in  a  heading  so  ventilated,  the  ventilation  ceases, 
and  the  resulting  poisonous  gases  (after-damp),  which,  as  Dr. 
J.  S.  Haldane  has  shown,  often  kill  many  more  than  the  violence 
of  the  explosion  itself,  remain  in  the  heading  comparatively 
undisturbed. 

The  favour  accorded  to  this  system  at  the  present  time  in 
Germany  is  partly  attributable  to  the  increased  efficiency  of 
the  appliances  arising  from  improvements  in  details.     As  to 
the  motive  power,  Uthemann  points  out  that  the  use  of  com- 
pressed air  to  blow  out  or  aspirate  foul  air  from  an   end  is 
uneconomical,  and  it  should  not  be  generally  employed  in  this 
way  ;  it  is  better  to  use  it  to  actuate  a  small  engine  geared  to 
a  fan  by  means  of  a  belt.     Water  under  pressure  may  be  used 
to  drive  a  fan  by  the  intermediary  of  a  Pelton  wheel  and  belt 
gearing,  or,  for  the  shorter  drivages,  water  blasts  can  be  used. 
Electric  motors  can  be  used  when  the  mine  is  not  fiery.     The 
ordinary  air- pipes  are  objected  to  on  the  score  of  being  too 
narrow,  defectively  jointed,  and  flimsily  made.     Those  adopted 
at  the  Reden  and  Kdnig  mines  are  of  galvanised  non-corrugateil 
sheet-iron  i|^  to  2   mm.   thick,   with  flanged,  luted,  or  other 
special  air-tight  joints,  and  great  care  is  taken  to  make  proper 
curves  at  bends  and  branches  in  the  line.     Blowing  ventilators 
are  preferred  to  exhausting  ones,  since  the  end  of  the  pipe  line 
must  necessarily  remain  at  some  distance  from  the  face,  and  a 
current  projected  on  the  face  is  best  fitted  to  reach  and  clear 
it    of  dangerous    gases.      By  these    means,   simple    drivages 
have  been  advantageously  substituted  for  some  of    the  costly 
parallel  drivages  with  the  intervening  barrier  cut  through  at 
intervals. 


VENTILATION.  547 

BIBLIOGBAPHY.  —  The  following  is  a  list  of  the  more 
important  Memoirs  dealing  with  the  subject-matter  of  this 
chapter : — 

Gases  in  Mines. 

Foster,  Sir  C.  Le  Neve,  and  J.  8.  Haldane.— '*  The  Investigation  of 

Mine  Air."    London,  1905. 
Brough,  B.  H. — "Gas  in  Metalliferous  Mines."    Trans.  N,  Eng,  Inst. 

M.E.,  xzxviii.  59.     1889. 
Oppennann. — Inflammable  Qas  in  Clay  Miues.      A7in  Min.^  viii.  5. 

1896. 
Lodin,  A. — Explosions   in    Iron    Ore  Mines  in   Alsace.      Ann.  de 

Mines,  viii.  4a     1896. 
Litschauer,  L. — Explosion  of  Fire-damp  at  Akna-szlatina  Salt  Mine, 

Hungary.     Gliickauf,  xxxii.  935.     1896. 
Nordenstrom,    G.  —  Fire-damp  and   Nitrogen   in   Aninieberg  Zinc 

Mine.     Geol.  Faren.  Fork.,  xviii.  637.     1896.     Trans.   Fed.  Inst. 

M.J&.,  xiv.  623.     1898. 
Haldane,  J.  S.,  and  W.  N.  Atkinson.—"  Black -damp."    Trans.  Fed. 

Inst.  M.E.,  viii.  161.     1895. 
Haldane,  J.  S.,  and  F.  G.  Meacham. — "  Properties  of  Black-damp." 

Trans.  Inst.  M.E.y  xvi.  457.     1899. 
Hedley,  J.  L.,  and  W.  Leek. — "  Fire-damp  in  the  Iron  Ore  Mines  of 

Cumberland."    Trans.  Inst.  M.E.,  xvii.  284.     1899. 
Liberty  J. — Fire-damp  in  Belgian  Ore  Mines  and  Quarries.    Ann. 

de  Mines  de  Belgique,  iv.  48.     1899. 
Grey,  P.  W. — "  Explosive  Gas  in  an  Indian  Ore  Mine."    Trans.  Inst. 

Min.  Met.y  ix.  193.     1901. 
Jaquet,  J.  B. — "Explosion  of  Fire-damp  in  a  Metalliferous  Mine  in 

New  South  Wales."    Min.  Joum.,  Ixxv.  224.     1904. 
Bromly,  A.  H. — "  Fire-damp  in  Silver  Mines."    Afin.  Joum.,  Ixxv. 

425.     1904. 
Aitken,  B.  M. — "  Sulphuretted  Hydrogen  in  Quartz  Mines."    New 

Zealand  Mines  Rec.,  May  16,  1904. 
Lee,  H.  A.  — "  Nitrogen  in  a  Vein  in  Colorado."  Proc,  Colorado  Set.  Soc.y 

vii,  163,  1904 ;  Mining  Journal,  Ixxvi,  186.     1904. 

Underground  Temperature. 

Everett,  J,  D. — "  Twenty-three  Reports  of  the  Underground  Tem- 
perature Committee  of  the  British  Association,"  1868- 1904. 

Artificial  Ventilation. 

Haner,  J,  von. — "Die  Wetter-Maschinen."    Leipzig,  1889. 

Norrifl,  B.  Van  A. —"  Centrifugal  Ventilators."    Trans.  Amer.  Inst. 

M.E.,  XX.  637.     1 89 1. 
Mnrgne,  D. — **Air  Currents   in    Underground    Workings."    Trans, 

Amer.  Inst.  M.E,y  xxiii.  63.     1893. 


J 


548  ORE  AND  STONE  MINING. 

Beaxd,  J.  T.— "Centrifugal  Ventilators."    Scrantoii,  1899. 

Heenan,  H.,  and  W.  Gilbert.—''  Design  of  Centrifugal  Fans."  Min. 
Proc.  Inst.  C.E.,  cxiii.  272.     1893. 

Wabner,  B. — "  Ventilation  in  Mines."  From  the  German  by  C. 
Salter.    London,  1902. 

Innes,  0.  H. — "  The  Fan,  including  the  Theory  and  Practice  of  Cen- 
trifugal and  Axial  Fans."    London,  1905. 


Testing  for  Fire-damp. 

Bnmck,  0. — "Die  chemische  Untersuchung  der  Gruben wetter." 
Freiberg,  1900.  [Translation  in  Foster  and  Haldane's  "In- 
vestigation of  Mine  Air."    London,  1905.] 

Chesneau,  G. — "  Detection  and  Measurement  of  Fire-damp  in  Mines." 
Trans.  Amer.  InM.  M.E.,  xxii.  120.     1893. 

GI0W6B,  F. — "Detection  of  Inflammable  Gas  in  the  Air."  Loudon, 
1896. 

Foster,  0.  Le  Neve.— "Tlie  Pieler  Lamp."  TraM.  Geol.  Soc.  Man- 
chefder-f  xvii.  252.     1884. 

Brown,  M.  Walton.— "The  Pieler  Spirit  Lamp."  Trans.  N.  Eng. 
InM.  M.E.y  xxxviii.  177.     1890. 

Hepplewhite,  W.  H.— "  Beard-Mackie  Gas  Indicator."  Tran$.  Inst. 
M.E.,  XX vi.  214.     1904. 

Measuring  Air. 

Mnrgue,  D.— "Air  Currents  in  Mines."     Trans.  Inst.  M.E.,\i.  135; 

vii.  211. 
Dickinson,  J.— "Measuring  Air  in  Mines."     Trans.  Manchester  Geol. 

Soc,  xiv.  31.     1878. 


CHAPTER    XL 

LIGHTING. 

Means  Employed. — In  underground  working  artificial  light  is  a 
necessity  at  all  times,  and  in  quarries  it  is  required  when  the 
work  is  carried  on  at  night.  The  means  of  illumination  em- 
ployed are  (i)  reflected  daylight,  (2)  candles,  (3)  torches,  (4) 
open  lamps,  (5)  safety  lamps,  (6)  gas,  or  (7)  electricity. 

In  a  few  cases  the  miner  does  his  work  without  artificial 
light.  In  sinking  oil  wells  in  Burma  the  quantity  of  explosive 
gas  is  so  great  that  no  naked  light  can  be  used,  and  even  if  the 
workman  had  a  safety  lamp,  he  would  be  unable  to  stay  below 
ground  long  without  being  affected  by  the  noxious  atmosphere. 
He  therefore  carries  no  light  at  all,  and  has  his  eyes  bandaged 
up  before  he  goes  down,  because  otherwise  it  would  take  longer 
for  his  eyes  to  become  accustomed  to  the  semi-darkness  of  the 
bottom  of  the  pit,  than  the  whole  time  he  can  stay  below 
ground. 

(i)  Reflected  Daylight. — For  sinking  oil-wells  in  Japan, 
reflected  daylight  is  used.  A  piece  of  yellowish  translucent 
oil-paper,  about  5  feet  by  3^  feet,  is  suspended  over  the  well 
at  an  angle  of  45"  and  throws  light  down  the  pit.  The  wells 
are  about  3^  feet  square,  and  are  dug  to  a  depth  of  600  to 
900  feet. 

In  driving  the  Bell  tunnel  at  the  New  Idria  quicksilver 
mine,  in  California,  there  was  a  disastrous  explosion  from  the 
ignition  of  some  inflammable  gas,  and  after  this  occurrence  the 
tunnel  was  lighted  by  the  reflection  of  the  sun's  rays.  A 
mirror  was  kept  at  the  mouth  of  the  drift  at  the  proper  angle 
to  effect  this,  and  with  a  straight  tunnel  and  in  a  sunny 
country  like  California  the  device  answered  perfectly. 

(2)  Candles. — The  candles  used  by  miners  are  very  frequently 
the  so-called  "dips" — ^^that  is  to  say,  they  are  made  by  dipping 
a  wick  into  molten  tallow  and  allowing  it  to  take  up  the  grease ; 
the  process  is  repeated  sevei^al  times,  until  the  thickness  of 
tallow  is  sufficient.  The  wick  is  made  of  cotton,  or  of  cotton 
and  linen.  At  Snailbeach  mine,  in  Shropshire,  the  manager 
stipulates  that  the  w^ick  shall  be  made  of  three  threads  of 
cotton  and  three  of  linen ;  this  is  folded,  and  the  candle 
therefore  has  a  wick  of  six  threads  of  cotton  and  six  of  linen. 
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The  size  of  the  candles  is  reckoned  by  the  number  that 
go  to  a  pound,  which  varies  from  20  to  6.  Candles  of  sixteen 
to  the  pound  are  very  commonly  used  by  the  miners,  while 
the  agents,  who  want  an  extra  amount  of  light  for  their 
examinations,  find  it  convenient  to  have  *'  eights "  and 
occasionally  *' sixes."  These  candles  require  snuffing  from 
time  to  time,  though  snuffless  dips  are  employed  in  exceptional 
cases.  In  hot  mines  special  dips  are  necessary,  for  those  made 
of  ordinary  tallow  become  soft  and  bend  down. 

As  a  rule  the  British  ore  miner  holds  his  candle  in  a  lump 
of  clay,  which  forms  a  very  convenient  support.  It  has  the 
advantage  that  the  candle  can  be  stuck  up  at  any  point  where 
it  is  wanted,  without  a  moment's  delay  in  seeking  for  a  place 
to  fix  it ;  it  is  also  readily  stuck  upon  the  hat  when  the 
miner  wants  to  climb  a  ladder  or  a  chain.  But  the  day  must 
be  soft,  well  kneaded,  and  free  from  stones  or  lumps;  from 
time  to  time  it  has  to  be  moistened,  and  care  and  practice 
are  required  in  order  to  work  it  down  properly  as  the  candle 
is  consumed. 

In  the  Forest  of  Dean  many  years  ago  the  candle  was  stuck 
into  a  cleft  stick,  which  was  carried  in  the  mouth.  Nowadays 
metal  candle-holders  are  used  instead,  with  a  point  which  can 
be  stuck  into  the  timber  or  a  crevice  in  the  rock. 

The  tallow  candle  has  the  disadvantage  of  guttering  in  a 
draught  and  of  causing  a  good  deal  of  smoke,  which  is  bad 
if  the  working-place  is  at  all  close.  The  Festiniog  men  guard 
their  candles  against  draughts,  when  walking  to  and  from 
their  work,  by  shades  made  out  of  old  meat-tins  with  a  handle 
of  wire.  If  there  is  much  water  dropping  down  a  shaft  the 
miner  can  protect  his  candle  by  a  shield  of  tin-plate  nailed  to  a 
piece  of  wood. 

Grease   is    bad   for  amalgamation,   and   sperm   candles   are 

adopted  in  some  gold  mines. 

Fig.  qSo.  ^^  ^^^J  ^^®  ^^^  objectionable 

than  those  made  of   tallow. 
Paraffin,  stearine,  and  "  com- 
posite "  candles  may  be  and 
are    used    in    place  of   the 
common  dip ;    they    do   not 
stand   a   strong   draught   or 
drops  of  water  so  well  as  the 
latter,  but  they  give  less  smoke 
and  do  not  gutter  so  much. 
Moulded  candles  are  conveniently  carried  by  a  holder,  such 
as  is  seen  in  the  United  States,  made  of  a  small  rod  of  iron 
with  one  end  bent  into  a  handle  and  the  other  pointed  (Fig. 
589).      In  the  middle  there  is  a  cylinder  of  thin  sheet>iron 
which  has  spring  enough  to   clip  the  candle  firmly  ;  a  sharp 
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hook,  sticking  up  at  right  angles  to  the  horizontal  rod,  enables 
the  holder  to  be  hung  on  to  the  slightest  little  projection,  if  there 
is  no  convenient  crevice  or  piece  of  timber  into  which  its  point 
can  be  thrust.  The  Australian  has  a  somewhat  similar  holder 
made  of  wire,  known  as  the  "  spider."  It  is  also  used  to  some 
extent  by  the  natives  employed  in  the  Witwatersrand  gold 
mines.  The  wire  is  about  one-sixteenth  of  an  inch  thick, 
twisted  as  shown  (Fig.  590^  ; 
the  spiral  portion  holds  tne 
candle,  and  the  hook  is  hung 
on  to  the  face  of  the  rock. 

A  candle-holder  is  more 
convenient  to  an  official  who 
has  to  make  notes  under- 
ground than  the  usual  lump 
of  clay ;  with  the  latter  it  is 
difficult  to  keep  the  notebook 
clean. 

(3)  Torches. — Torches  are 
employed  in  a  few  exceptional 
instances.  The  foremen  at 
Falun,  in  Sweden,  carry 
torches  consisting  of  bundles 
of  pine  sticks  held  together 
by  an   iron  ring,  and  some 

gold  mines  in  Japan  were  lighted  a  few  years  ago  by  torches 
made  of  dried  bamboo  twigs;  fires  of  pitchwood  have  been 
used  at  night  when  washing  down  gravel  by  the  hydraulic 
process.  Large  underground  chambers  may  be  lit  up  for  a 
short  time,  in  order  to  examine  the  roof,  by  burning  wood 
shavings  soaked  with  naphtha  and  petroleum. 

(4)  Open  Lamps. — Lamps  vary  much  in  shape  and  size. 
The  Sicilian  miner  has  a  lamp  of  the  simplest  construction 
imaginable ;  it  is  a  mere  open  cup  of  unglazed  pottery,  about 
2  inches  in  diameter,  and  i  inch  deep,  with  a  little  lip  for 
holding  a  cotton  wick,  which  lies  loosely  in  the  olive  oil  used 
as  an  illuminant.  It  is  ruder  than  the  old  Roman  lamps  found 
at  Pompeii,  which  somewhat  resemble  those  still  employed  in 
the  Hartz.  The  latter  are  provided  with  a  hook,  by  which 
they  can  be  held  between  the  thumb  and  forefinger  when 
climbing  ladders ;  the  hook  has  a  sharp  point  which  the  miner 
can  stick  into  a  timber  prop  or  a  crevice  in  the  rock  while  at 
work.  The  body  of  the  lamp  is  closed  ;  it  has  a  tube  for  the 
cotton  wick  and  a  hole  with  a  screw-plug  through  which  the 
supply  of  oil  can  be  replenished.  A  pricker  for  trimming  the 
wick  is  attached  by  a  light  chain.  A  smaller  but  similar  lamp 
is  met  with  in  France,  northern  Italy,  and  parts  of  Spain  ;  the 
body  is  lenticular,  and  is  suspended  by  a  long  hook. 
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The  foremen  in  the  Hartz  mines  prefer  a  somewhat  similar 
lamp  in  which  they  can  bum  tallow ;  it  is  an  open  tray  with 
a  rim  around  it,  and  a  lip  for  the  cotton  wick ;  a  large  lump  of 
tallow  lies  in  the  lamp  at  the  opposite  side  to  the  wick  ;  and 
if  the  agent  wishes  to  make  a  flare-up,  to  illuminate  a  working- 
place  more  thoroughly,  he  need  only  push  a  good  supply  of 
tallow  towards  the  wick-holder,  and  soon  obtains  the  desired 
effect. 

In  the  Mansfeld  copper  district  the  miner  has  a  small  tin 
lamp  which  can  be  hung  by  a  wire  loop  to  a  hook  on  the 
hat,  if  he  is  climbing,  or  be  placed  upon  the  ground  in  the 
working-place.  It  has  a  double  case,  the  outer  one  serving 
to  catch  any  oil  which  may  run  over  from  the  spout-like 
wick-tube. 

The  Saxon  miner  still  adheres  to  the  '*  Blende,"  a  wooden 
case  lined  with  tin-plate  or  brass,  in  which  he  carries  a  small 
globular  oil  lamp.  The  case  is  useful  in  walking  or  climbing  in 
very  draughty  parts  of  the  mine,  and  can  be  hung  from  the 
neck  by  a  leather  strap. 

In  Scotland,  and  in  some  parts  of  the  United  States,  a  small 
but  serviceable  tin  lamp,  of  the  shape  shown  in 

Fig.  SOI.  ^^8-  59 '»  ^^  ^^^J  common.  It  can  be  hooked  on 
to  the  hat  when  climbing  ladders,  or  on  to  the 
rock.  Olive  oil  or  rape  oil  is  burnt  in  the  lamps 
just  described,  and  the  miner  carries  with  him  a 
supply  in  a  little  flask. 

La.mps  have  the  advantage  of  being  cheaper 
and  cleaner  than  tallow  candles,  but  the  latter 
do  not  seem  likely  to  be  displaced  in  English 
and  Welsh  ore  mines,  though  the  Scotch  lead- 
miner  prefers  the  former. 
Mineral  oils  are  occasionally  used  instead  of  vegetable  oils 
for  ordinary  miners'  lamps.  At  the  underground  stone  quarries 
near  Bath,  the  men  employ  small  lamps  fed  by  benzoline,  which 
is  held  by  a  sponge  in  the  reservoir.  Petroleum  *'  Hurricane  " 
lamps  for  lighting  up  pit-bottoms  and  landings  {plats)  are  not 
uncommon,  and  even  levels  are  lit  up  this  way  by  hanging  a 
lamp  at  each  bend  in  the  road.  This  saves  the  miner  the 
trouble  of  carrying  a  lamp,  and  the  light  is  quite  sufficient  for 
the  purpose  of  tramming,  even  if  the  stretches  are  somewhat 
long. 

Flare  lamps,  which  generate  gas  from  naphtha,  or  a  mixture 
of  naphtha  and  petroleum,  flowing  into  a  hot  burner,  may 
occasionally  be  seen  in  parts  of  underground  slate  quarries, 
where  a  good  deal  of  light  is  required  for  hooking  on  and 
unhooking  waggons. 

The  Wells  lamp,  which  is  largely  used  for  surface  works,  also 
serves  to  illuminate  large  underground  chambers.     It  is  a  con- 
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trivance  for  burning  tar  oiU  converted  into  gas,  when  farced 
through  a  heated  burner  by  pressure  produced  by  a  hand  air-pump. 

Fig.  592  shows  the  principal  parts  of  the  lamp.  A  is  a  closed 
cylinder  made  of  steel  boiler  plate,  B  is  a  pump  worked  by  the 
handle  C,  which  can  be  used 

for  pumping  in  either  air  ^j^    .^^ 

or  oil ;  whilst  the  light  ia 
running,  the  oil  is  drawn 
from  a  bucket  by  the  piece  . 
of  hose  D.  E  is  the  oil 
which  has  been  pumped  in, 
thereby  compressing  the 
air  above  it  to  about  20  lbs.  - 
per  square  inch.  On  turn- 
ing the  tap  G,  the  oil  is 
forced  up  the  pipe  &  to  the 
generating  tubes  I  I,  which 
have  been  previously  heated 
by  lighting  some  cotton 
waste  and  oil  in  the  tray 
K.  The  preliminary  heat- 
ing may  also  be  effected 
by  burning  a  spray  of  the 
oil,  produced  by  a  special 
starting  appliance  forming 
part  of  the  lamp.  The  oil 
in  its  passage  through  the 
hot  burner  I  is  converted 
into  vapour,  which  issues 
forth  from  the  nozzle  L  and 
produces  a  flame  of  1 3  to  30 
inches  in  length,  with  a 
consumption  of  half  a  gallon 
to  I  ^  gallon  of  oil  per 
hour,  giving  a  light  of  500 
to  4000  candles.  O  is  a 
plug  connected  to  a  rod  which  serves  the  double  purpose  of 
letting  oS  the  air  quickly  at  any  time,  and  also  of  gauging 
the  depth  of  the  oil  in  the  cylinder. 

The  lamp  ia  easily  carried  about  from  place  to  place.  The 
smallest  size  and  the  larger  one.  No.  3,  have  both  been  employed 
of  late  in  the  large  chambers  of  the  Festiniog  slate  mines  for 
examining  the  roof  and  sides,  and  also  for  plate-laying.  The 
pressure  of  the  air  in  the  reservoir  is  kept  up  by  a  few  strokes 
of  the  pump  from  time  to  time. 

The  brilliant  light  emitted  by  burning  magnesium  is  utilised 
at  Festiniog,  in  addition  to  the  Wells  light,  for  examining  the 
underground  chambers.     The  agents  of  some  of  the  mines  carry 
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a  little  stock  of  magnesium  ribbon  in  their  pocket-books,  and  set 
fire  to  a  piece  if  they  wish  to  throw  a  powerful  light  upon  any 
particular  spot  which  may  require  special  attention.  At  two  of 
the  mines  the  metal  is  burnt  in  a  special  lamp.  It  consists  of  a 
coil  of  magnesium  ribbon  about  |  inch  wide  wound  upon  a  reel, 
which  is  fed  by  clockwork,  so  that  it  issues  from  a  tube  at  the 
focus  of  a  silvered  mirror  about  8  inches  in  diameter.  The  lamp 
is  held  by  a  convenient  handle,  and  the  light  can  be  directed  on 
to  any  given  point  without  dazzling  the  eyes.  The  ribbon  is 
consumed  at  the  rate  of  about  lo  inches  per  minute  ;  the  lamp 
can  be  started  and  stopped  by  touching  a  catch  which  controls 
the  clockwork,  and  there  are  means  of  altering  the  speed  at 
which  the  ribbon  is  fed  forwards. 

On  the  Continent  an  acetylene  hand-lamp  is  used.  It  gives  a 
light  ten  times  as  great  as  that  of  a  rape-oil  lamp,  and  it  wUl  bear 
a  greater  draught  and  more  damp  without  going  out.  The  lamp 
is  easily  cleaned.  A  weight  of  1 20  grammes  of  fresh  carbide 
suffices  for  eight  hours,  and  the  cost  per  lamp  per  hour,  including 
cleaning  and  repairs,  is  2  pfennige,  or  ^d.  Safety  lamps  fed  by 
acetylene  are  being  tried. 

In  the  Kitson  lamp  a  mixture  of  petroleum  vapour  and  air  is 
burnt  under  an  incandescent  mantle,  resembling  the  Welsbach 
mantle.  The  petroleum  is  converted  into  vapour  by  the  heat  of 
the  flame,  and,  save  at  the  moment  of  lighting,  the  lamp  is  self- 
supporting.  The  contractors*  lamp  adopted  for  out-of-door  work 
is  readily  carried  by  two  men.  Mr.  Kitson  reckons  that  an 
illuminating  power  of  1000  standard  candles  is  obtained  at  a 
cost  per  hour  of  Jd. 

(5)  Safety  Lamps. — The  subject  of  safety  lamps — that  is  to 
say,  lamps  which  can  be  used  in  an  atmosphere  containing  a 
certain  amount  of  inflammable  gas  without  fear  of  causing  an 
explosion — may  seem  out  of  place  to  some  who  suppose  that 
their  use  is  confined  to  coal-pits ;  but  when  we  recollect  that 
flre-damp  has  been  met  with  in  mines  worked  for  diamonds, 
gold,  iron,  lead,  quicksilver,  salt,  silver,  sulphur,  tin,  and  further 
that  a  lead  mine  in  England  is  lighted  entirely  with  such  lamps, 
and  that  they  are  indispensable  in  the  case  of  ozokerite,  it  is 
evident  that  miners  generally  should  have  some  knowledge  of 
the  principles  upon  which  they  are  constructed,  and  the  manner 
in  which  they  are  used.  However,  in  the  mines  with  which  we 
are  dealing,  safety  lamps  are  the  exception,  and  therefore  the 
subject  can  be  dealt  with  in  a  summary  manner. 

The  construction  of  the  safety  lamp  is  based  upon  the  fact  that 
gauze  of  a  certain  mesh,  made  with  iron  wire  of  a  certain  gauge, 
is  capable  of  cooling  burning  gases  to  a  point  below  that  at 
which  combustion  will  take  place— in  other  words,  it  will  pre- 
vent the  passage  of  flame.  Therefore,  when  a  lamp  enclosed  in 
a  suitable  cylinder  of  this  gauze  is  placed  in  an  atmosphere 
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Fig.  593. 


containing  fire-damp,  the  inflammable  gas  inside  the  envelope 
will  burn  without  igniting  that  which  is  outside. 

Brief  descriptions  will  now  be  given  of  the  lamps  most  com- 
monly in  use  in  mines  containing  inflammable  gas  ;  they  are 
named  after  their  inventors,  viz.,  the  Davy,  Clanny,  Mueseler, 
Marsaut,  Hepplewhite-Gray,  and  Wolf  lamps. 

The  ordinary  Davy  lamp  (Fig.  593)*  consists  of  a  brass  oil- 
vessel  6,  on  to  which  is  screwed  a  cylinder  of 
wire  gauze  a,  about  i^  inch  in  diameter  and 
4 1  to  5^  inches  high.  The  cylinder  is  further 
closed  at  the  top  by  a  cap  of  wire  gauze  e,  which 
overlaps  the  main  gauze  for  a  distance  of  i  inch 
to  i|^  inch.  In  the  centre  of  the  oil- vessel  is 
a  round  tube  containing  a  cotton  wick,  which 
can  be  trimmed  from  the  outside  by  a  piece  of 
wire  /  passing  up  through  the  bottom.  The 
gauze  used  has  28  holes  or  meshes  per  linear 
inch,  or,  in  other  words,  784  per  square  inch. 
The  wire  varies  slightly  in  size;  some  which 
was  very  carefully  measured  was  found  to  be 
CO  1 6  inch  in  diameter,  and  was  probably  in- 
tended for  No.  27  S.W.G.  A  maker  of  repute 
states  that  he  usually  employs  No.  30  of  the  old 
B.W.G.  Speaking  roughly,  the  .holes  are  ^j^ 
inch  (\  mm.)  square.  Three  rods  c,  attached 
below  to  a  ring  screwed  on  to  the  oil-vessel  and 
above  to  a  plate,  protect  the  gauze  to  a  certain 
extent.  The  lamp  is  carried  by  a  strong  wire  ring  fastened  to 
the  top  plate  d.  Rape,  colza,  or  seal  oil,  alone  or  with  the 
addition  of  petroleum,  are  used  as  illuminants. 

The  Davy  lamp  has  several  grave  defects :  in  the  first  place 
it  gives  very  little  light;  and  secondly,  as  pointed  out  in  1881 
by  the  Royal  Commission  on  Accidents  in  Mines,  it  will  fire  an 
explosive  mixture  if  the  velocity  of  the  current  exceeds  6  feet  a 
second.  According  to  the  photometric  tests  made  for  the  Royal 
Commission  by  Professor  Clifton,  the  light  of  the  Davy  lamp 
varied  from  7  to  22  per  cent,  of  that  of  a  standard  candle; 
these  were  laboratory  experiments,  in  which  the  light  was  not 
further  diminished  by  the  accumulation  of  dirt,  grease,  soot, 
and  coal  dust  upon  the  gauze,  as  may  often  happen  under- 
ground, and  nothing  is  said  about  the  absence  of  illumination 
immediately  above  the  lamp. 

With  the  powerful  ventilating  cuirents  in  use  nowadays,  the 
second  defect  is  a  very  real  one  ;  it  is  sometimes  overcome  by 
placing  the  Davy  lamp  in  a  cylindrical  tin  case  with  a  glass  window. 


*  The  materials  used  in  constructing  the  lamps  are  indicated  thus: — 
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It  was  very  natural  to  attempt  to  remedy  the  first  defect  of 
the  Davy  lamp  by  using  glass  instead  of  gauze  for  the  lower 
part  of  the  enctosiDg  cylinder. 

In  the  Clanny  lain/t  (Fig.  594),  constructed  upon  this  prin- 
ciple, the  air  which  feeds  the  flame  comes  in  through  the  gauze 
just    abora    the    glass    a. 


Fio.  594. 


I''"^'  595-         descends    along    its 

face  and  goes  to  the  wick ; 
the  products  of  combustion 
then  pass  up  the  centre. 
Nothing  separates  the  de- 
scending cui-rent  of  air  from 
the  ascending  current,  and 
consequently  the  oil,  from 
want  of  a  direct  supply  of 
fresh  air,  does  not  always 
bum  so  brightly  as  it  does 
in  a  lamp  fed  from  under 
the  gauze;  but  the  light  is 
far  better  than  that  of  a 
Davy  lamp.  The  letter  b 
represents  one  of  the  metal 
rods  for  protecting  the 
glass.  Professor  Clifton's 
experiments  usually  gave 
26  to  jo  per  cent,  of 
the  light  of  a  standard 
candle,  or,  on  an  average,  more  than  twice  as  much  light  as 
the  Davy.  In  a  current  having  a  velocity  of  more  than  6  feet 
a  second  it  behaves  like  the  Davy,  and  ignites  an  explosive 
mixture. 

Miieseter's  lamp  (Fig.  595)  may  be  conveniently  described  as 
a  Clanny  lamp,  with  a  chimney  a  fixed  above  the  flame,  and 
attached  at  the  level  of  the  top  of  the  glass  to  a  diaphragm  or 
horizontal  partition  of  wire  gauze  h.  The  path  taken  by  the 
air  is  shown  by  the  arrows.  The  fact  of  the  inward  current  of 
fresh  air  being  kept  separate  from  the  outward  current  of  foul 
air  assists  the  illuminating  power  of  the  lamp.  The  wick  is 
sometimes  flat. 

The  Mueseler  lamp,  which  from  1876  to  1904  was  the  only 
one  allowed  iu  fiery  pits  in  Belgium,  is  a  favourite  in  many 
countries,  and  leaving  aside  its  use  in  collieries,  it  may  be 
mentioned  that  it  is  the  only  lamp  employed  at  the  very 
dangerous  ozokerite  mines  of  Boryslaw  and  at  the  Mill  Close 
lead  mine  in  Derbyshire.  It  has  the  merit  of  going  out  in  an 
explosive  atmosphere,  and  of  so  removing  a  cause  of  danger. 
The  lamp  is  extinguished  because  the  chimney  is  unable  to  carry 
off  the  products  of  combustion  quickly  enough  ;  they  spread  out 
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under  the  bottom  edge  of  the  chimnej,  and  pollute  the  fresh 
current  to  such  an  extent  that  it  becomes  incapable  of  support- 
ing the  combustion  of  the  oil. 

The  lamp  will  not  stand  being  jerked  or  inclined,  for  any- 
thing which  will  turn  the  currents  out  of  their  proper  course 
causes  the  bottom  part  of  the  gauze  to  be  filled  with  the  pro- 
ducts of  combustion  and  puts  the  flame  out.  It  is  evident  that 
when  the  lamp  is  held  in  an  inclined  position,  all  the  foul  gas 
will  not  go  up  the  chimney,  and  that  some  will  become  mixed 
with  the  inward  current ;  a  jerk  downwards  checks  the  supply 
of  air  passing  in  through  the  gauze,  and  again  the  lamp  is  ex- 
tinguished. On  the  other  hand,  it  resists  a  horizontal  current 
better  than  the  two  lamps  mentioned  previously.  If  the  lamp 
is  struck  obliquely  by  the  current  an  explosion  may  sometimes 
take  place  inside  it. 

Before  concluding  this  very  short  account  of  the  Mueseler 
lamp,  it  is  important  to  point  out  that  a 
mere  diaphragm  with  a  chimney  does  not  Vio.  596. 

necessarily  constitute  a  lamp  of  the  oiiginal 
Belgian  pattern.  The  dimensions  of  the 
parts  are  carefully  prescribed  by  law  in 
Belgium,  for  it  has  been  found  that  a 
slight  departure  from  them  may  affect  the 
properties  of  the  lamp  very  materially. 

A  lamp  which  has  come  largely  into  use  of 
late  years,  and  especially  in  Great  Britain 
after  the  favourable  report  of   the  Royal 
Oommissiou,  is  that  of  Marmut,  of  Bess^es, 
to  whom   miners    are    indebted  for  many 
useful  investigations  (Fig.  596).    It  is  of  the 
Clanny  type — that  is  to  say,  it  has  a  glass 
cylinder  with  the  air  entering  above  it,  and 
no   chimney ;    but  it  has  the  extra  safety 
afforded  by  a  second  or  even  a  third  gauze, 
and  a  bonnet  or  sfaield  of  sheet  iron.    These 
additions  enable  it   to   resist   currents    of 
zooo  feet  per  minute ;    other  advantages 
are  an  illuminating  power  of  about  two- 
thirds  of  a  standard  candle,  simplicity  and 
strength,  for  the  gauze  is  protected  by  the  shield  from  occi' 
dental   blows    of   the   pick    or   other  sources  of  injury.      The 
outer   shield   adds   somewhat  to  the  weight  of  the  lamp,  but 
the  slight  diminution  of  portability  is  amply  repaid  by  the  in- 
creased security  which  it  affords. 

The  HeppUwhite-Gray  lamp,  with  some  modifications  intro- 
duced by  Ashworth  (Fig.  597),  is  of  a  totally  different  type ; 
the  wick  is  fed  with  air  coming  in  helow  the  glass,  through  a 
ring  of  wire  gauze  d,  on  the  inside  of  an  annular  chamber. 
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Fig.  597. 


When  testing. for  *'gas/'  the  openings  at  the  bottom  of  three 
brass  tubes,  through  which  the  air  passes  into  the  annular 
chamber,  are  closed,  and  the  lamp  draws  its  supply  of  air  from 
the  top  of  the  tubes.     The  path  taken  by  the  air  is  shown  by 

the  arrows  ;  h  b  are  the  holes  by  which  the 
products  of  combustion  escape.  The  glass 
is  no  longer  cylindrical,  but  is  made  in 
the  form  of  a  truncated  cone,  with  the 
object  of  illuminating  the  roof;  the 
small ness  of  the  top  of  the  shield  a  con- 
duces to  the  same  desirable  object.  If 
the  inside  of  the  glass  is  blackened  at 
the  back,  the  efficiency  for  testing  is 
decidedly  increased,  as  images  of  the 
flame,  such  as  are  reflected  from  both 
sides  of  the  ordinary  glass,  no  longer 
trouble  the  observer.  This  lamp  has  the 
further  advantage  for  testing  that  it  may 
take  in  its  supply  of  air  from  the  top, 
and  will  therefore  test  a  layer  of  air  close 
to  the  roof  which  could  not  be  examined 
by  an  ordinary  lamp,  except  by  tilting  it 
so  much  that  there  would  be  danger  of 
its  going  out 
The  Wolf  lamp,  very  largely  used  on  the  Continent,  is  fed 
with  benzoline  contained  in  a  reservoir  full  of  cotton  wooL 
The  flame  is  clear,  and  wick  is  not  clogged  rapidly.  An  in- 
teresting feature  of  the  Wolf  lamp  is  the  device  for  relighting 
it  without  removing  the  glass.  The  lamp  has  two  gauzes  and  a 
corrugated  shield. 

Locks, — In  order  to  prevent  careless  and  imprudent  men  from 
risking  their  lives  and  those  of  their  comrades  by  opening  their 
lamps,  it  is  necessary  to  lock  them  securely  before  they  are 
taken  into  the  workings.  Yarious  devices  have  been  proposed 
and  adopted. 

A  little  bolt  screwed  in  by  a  key  like  a  large  watch-key, 
through  the  ring  holding  the  glass  or  the  gauze^  was  thought 
at  first  to  offer  sufficient  guarantee  of  security ;  but  it  was  soon 
found  that  ingenious  miners  could  pick  a  lock  of  this  kind  with- 
out difficulty,  and  other  plans  had  to  be  devised  to  baffle  their 
skill.  The  most  common  systems  employed  are  the  lead  rivet, 
the  magnetic  bolt,  and  the  Cuvelier  fastening. 

The  lead  rivet  is  placed  through  two  holes,  one  in  the  brass 
ring  holding  the  glass  and  the  other  in  the  oil-vessel ;  it  is  then 
firmly  squeezed  with  a  pair  of  nippers,  and  thus  impressed  with 
a  mark,  which  can  be  changed  from  day  to  day  if  necessary. 
When  this  has  been  done,  the  lamp  cannot  be  opened  without 
cutting  the  rivet,  which  would  at  once  be  noticed  when  the 
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miner  handed  it  in  at  the  end  of  the  shift.  The  lamp-man 
easilycuts  the  rivet  before  proceeding  to  clean  the  lamp;  the 
pieces  of  lead  are  collected,  melted  up  again,  and  once  more 
cast  into  rivets.  The  cost  of  this  very  effective  method  of  lock- 
ing is  but  slight. 

Several  inventors  have  resorted  to  magnetism  in  order  to 
obtain  an  unpickable  form  of  lock,  and  Wolf's  fastening  is  one 
of  this  description.  It  consists  of  a  bolt  held  in  its  place  by  a 
spring,  which  can  only  be  drawn  back  when  the  lamp  is  placed 
against  a  very  powerful  magnet.  This  form  of  lock  is  largely 
used. 

Ouvelier's  ingenious  fastening,  which  gives  great  satisfaction 
at  some  French  collieries^  may  be  described  as  a  vertical  bolt 
which  keeps  the  lamp  locked  until  it  is  set  free  by  hydraulic 
pressure.  The  two  ends  of  a  piece  of  metal  tube,  bent  into  the 
form  of  a  circle,  come  close  together  under  the  bolt,  whilst  on 
the  opposite  side  there  is  a  projecting  tube  with  a  very  small 
hole.  If  hydraulic  pressure  is  exerted  on  the  inside  of  the  tube 
by  means  of  an  accumulator  acting  through  the  little  hole,  the 
two  arms  tend  to  stiuighten  out,  and  the  ends  move  a  little 
away  from  one  another ;  in  so  doing  they  allow  the  bolt  to  fall 
from  its  own  weight  and  the  pressure  of  a  spiral  spring.  The 
operation  of  opening  is  very  quickly  performed,  and  the  hole  in 
the  projecting  tube  is  so  small — only  \  to  ^  of  a  millimetre 
in  diameter — that  the  quantity  of  water  used  is  insignificant. 
The  hole  is  on  the  under  side  of  the  tube  and  has  not  been 
found  to  become  choked  up  by  dirt,  as  might  have  been 
expected. 

(6)  Gas. — Gas  is  employed  for  lighting  pit-bottoms,  hanging- 
on  places,  or  sidings,  where  there  is  a  large  amount  of  traffic. 
Fire-damp  piped  off  from  a  blower  has  been  used  for  illumina- 
tion in  some  Continental  salt  mines. 

(7)  Electric  Light. — Up  to  the  present  time,  owing  to  its 
want  of  portability,  the  electric  light  has  not  displaced  candles 
and  ordinary  lamps  in  the  work  of  "  getting  "  minerals,  save 
in  a  few  special  cases.  It  is  true  that  various  small  portable 
incandescent  lamps  have  been  invented  and  tried,  but  until 
lately  they  have  failed  to  satisfy  all  the  conditions  which  are 
necessary  for  commercial  success. 

More  promising  than  its  predecessors  is  the  Sussmann  lamp, 
which  is  now  coming  into  the  market.  A  (Fig.  598)  is  a  steel 
case  enclosing  a  dry  storage  battery ;  B  is  an  outer  protecting 
cylinder  of  glass,  held  between  four  upright  rods,  0 ;  D  is  the 
vacuum  bulb  with  the  filament  which  becomes  incandescent ; 
£  and  F  are  conical  whitened  reflectors  destined  to  make  the 
best  possible  use  of  the  light.  The  back  half  of  the  glass 
cylinder  is  whitened  for  a  similar  reason. 

The  lamp  is  2|  inches  square  at  the  base  and  8  inches  high ; 
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it  weighs  4  to  4]  Iba.     It  will  give  a  light  of  1 J  candle-power 

for  twelve  to  fourteen  hours.     The  advantage  of  this  lamp  over 

those  previously  brought  forward  is  the  absence  of  any  Uquid. 

The  interior  of  the  battery  is  solid,  and  consequently  the  lamp 

can  be  held  or  laid  in  any  position.     The  cost  of  the  lamp, 

including  all  expenses,  is  from  4d.  to  5d.  per 

Yio.  $gS.  week.     Several  thousands  of  these  lamps  are 

in  daily  use  in  England  and  Belgium. 

As  regards  its  safety,  it  is  stated,  as  the  result 
of  numerous  experiments,  that  the  smallneas  of 
the  filament  prevents  any  chance  of  its  igniting 
explosive  mixtures,  in  the  event  of  both  the 
outer  cylinder  and  the  bulb  being  broken.  Like 
alt  other  electric  lamps,  it  has  the  defect  of 
atTording  no  indication  of  fire-damp  or  carbonic 

Where  a  filed  light  can  be  used — in  other 
words,  where  the  nature  of   the  excavation  to 
be  lighted  is  not  rapidly  changing — the  elec- 
tric light    is    rendering    incalculable    services. 
Thus,  in  sinking   shafte,    a    few    incandescent 
tamps  hung  from  an  electric  cable  enable  the 
miner  to   do   bis   work    under    unaccustomed 
conditions    of  brilliancy,     lie    not    only    gets 
better  illumination,  but  he  is  relieved  from  all 
trouble  about  candles  or  lamps,   and   can   set 
about    his  work    as    a    navvy   would    at  the 
surface.     This  means  a  saving  of  time  which  is  often  well  worth 
paying  for.     While  blasting  is  going  on,  the  lamps  are  drawn 
up  out  of  the  way  of  stODes  which  might  be  hurled  up  and  break 
the  glasses. 

Fixed  glow  lamps  form  a  convenient  and  desirable  means  of 
lighting  up  pit-bottoms,  on-setting  places,  levels  and  sidings 
where  the  traffic  is  large,  and  ladder-ways  and  man-engines 
which  are  much  frequented.  All  the  main  haulage  levels  at 
the  Kimberley  mines  are  lighted  with  incandescent  lamps.  At 
one  of  the  mines  on  the  Comstock  lode  in  Nevada,  candles  have 
been  replaced,  even  at  the  working  places  and  in  the  stopes,  by 
incandescent  lamps  supplied  with  electricity  by  special  cables. 

With  lamps  well  placed,  30  candle-power  may  be  allowed  for 
every  1 00  square  feet  of  floor  area,  and  in  estimating  the  power 
required  to  produce  the  light  it  is  usual  to  take  twelve  1 6  candle- 
power  incandescent  lamps  as  equivalent  to  i  horse-power. 

The  Nernst  incandescent  luup,  although  effecting  a  better 
utilisation  of  the  current,  and  giving  a  brighter  light  than  the 
ordinary  carbon  filament  lamp,  has,  owing  to  the  cost,  been  as 
yet  little  used  at  mines. 

When  the  area  to  be  illuminated  is  large,  an  arc-lamp  may 
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be  employed  with  advantage.  Among  the  first  successful 
applications  of  electric  lighting  to  underground  excavations 
may  be  mentioned  that  at  the  Angers  slate  quarries.  In  the 
year  1879  two  arc  lamps  were  fixed  in  one  of  the  large  under- 
ground chambers  with  an  area  of  2400  square  yards,  and  they 
gave  light  enough  for  all  the  men  at  work.  The  total  cost, 
reckoning  everything — viz.,  coal,  carbons,  repairs,  labour,  de- 
preciation of  plant,  and  interest  on  capital — was  50  francs  a 
day  ;  the  gas  formerly  in  use  cost  54  francs  a  day  and  gave 
much  less  light.  The  large  chambers  in  the  salt-mine  of  Maros- 
Ujvar  in  Hungary  have  been  lighted  up  by  electricity  since 
1890.  The  cost  is  somewhat  greater  than  that  of  the  tallow, 
oil,  or  petroleum  formerly  in  use ;  but,  per  contra,  the  illumina- 
tion is  better,  the  men  can  do  more  work  and  are  more  easily 
supervised,  whilst  the  air  of  the  mine  is  not  deteriorated  by 
the  products  of  combustion  of  the  lamps.  Slanic  salt-mine  in 
Roumania  has  been  lit  with  the  electric  light  in  a  similar 
manner  since  1883. 

In  a  previous  chapter  a  description  was  given  of  the  working 
of  the  thick  bed  of  lead-bearing  sandstone  at  Mechernich  by 
large  underground  chambers,  which  eventually  are  allowed  to 
collapse.  Of  late  years  arc  lights  have  been  largely  used  for 
illumination,  although  the  number  of  men  in  one  chamber  is 
never  more  than  six  and  often  not  more  than  two.  The  great 
advantage  derived  from  the  use  of  the  powerful  light  has  been 
the  possibility  of  removing  with  safety  thousands  of  tons  of  ore, 
which  otherwise  would  have  been  left  underground  for  fear  of 
accidents  in  taking  it  down. 

It  is  proposed  to  use  arc  lights  with  reflectors,  similar  to  the 
naval  search-lights,  for  examining  the  roofs  and  sides  of  the 
large  underground  chambers  in  the  Welsh  slate  mines. 

The  Bremer  lamp  is  a  recent  improved  form  of  arc  lamp 
in  which  the  carbons  are  placed  at  an  acute  angle  and  are 
impregnated  with  metallic  salts  that  colour  the  flame  and 
increase  its  luminosity. 

Arc  lights  stand  in  good  stead  when  work  has  to  be  done  at 
night  above  ground.  Thus,  at  Rio  Tinto,  the  great  opencast 
was  formerly  lit  up  by  two  arc  lights,  one  at  each  end  of  the 
major  axis  of  the  elliptical  pit.  In  the  same  way  two  arc  lights 
of  2000  candle  power  are  used  for  night- work  in  washing  down 
auriferous  gravel  at  the  works  of  the  Osceola  Company  in 
Nevada.  As  the  use  of  electricity  spreads  for  the  purpose 
of  transmitting  power,  we  may  naturally  expect  further 
development  of  the  lighting  of  parts  of  mines  from  the  same 
source, 
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CHAPTER  Xll. 

ACCESS. 

Means  Employed. — When  we  consider  the  time  occupied  by 
the  miner  in  going  to  and  from  his  work,  and  recollect  that  his 
hours  are  reckoned  "  from  bank  to  bank " — i,e.  from  the 
moment  he  leaves  the  surface  till  he  reaches  it  again — and  if 
we  further  dwell  upon  the  terrible  waste  of  energy  involved  by 
climbing  up  and  down  deep  shafts  by  ladders,  it  will  be  evident 
that  the  question  of  descent  and  ascent  requires  to  be  dis- 
cussed. 

The  means  of  access  to  and  from  the  workings  may  be  classi- 
fied as  follows : — 


1.  Walking. 

2.  Steps  and  slides. 

3.  Ladders. 

4.  Bucket  or  cage. 


5.  Man-engine. 

6.  Waggons. 

7.  Velocipedes. 


(i)  Walking. — Where  mines  are  worked  by  adit  levels,  the 
men  naturally  walk  in  along  the  ordinary  roadways. 

(2)  Steps  and  Slides. — If  the  dip  of  a  seam  or  vein  is 
small,  an  inclined  pathway,  leading  down  through  the  old 
workings,  forms  a  safe  and  pleasant  travelling  road  into  the 
mine,  and  it  has  the  further  advantage  that  the  ponies  or 
horses  can  be  brought  out  at  the  end  of  each  shift. 

When  the  inclination  reaches  20"  it  is  well  to  have  regular 
steps,  instead  of  making  the  men  scramble  down  an  irregular 
path ;  it  is  true  that  the  miner,  accustomed  to  the  road,  does 
not  lose  so  much  time  as  a  stranger  in  picking  his  way  along  a 
rough  or  slippery  track,  but  still  a  bad  path  causes  a  little 
unnecessary  delay  which  is  best  avoided.  Steps  are  much  less 
fatiguing  than  ladders  placed  so  flat  that  part  of  the  weight  of 
the  body  has  to  rest  upon  the  arms. 

Steps  may  be  cut  in  the  rock  itself,  if  it  is  hard  enough,  and 
if  not,  wooden  or  stone  stairs  can  be  put  in,  with  a  handrail. 
When  the  dip  is  too  high  for  making  the  stairs  straight,  they 
may  be  arranged  in  a  zigzag  line,  provided  that  the  excavation 
affords  sufficient  space.  The  height  of  the  steps  should  not 
exceed  8  inches,  so  as  to  avoid  a  fatiguing  lift  of  the  feet. 
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In  parts  of  the  Sicilian  sulphur-mines,  where  the  dip  does 
not  exceed  30°  to  35",  the  steps  are  from  8  to  10  inches  high 
and  1 2  to  14  inches  broad,  and  occupy  the  whole  width  of  the 
travelling  road  ;  if  the  dip  is  from  40°  to  50**,  two  sets  of 
steps  are  made,  so  that  the  level  of  the  tread  on  one  side 
corresponds  with  the  middle  of  the  height  on  the  other.  This 
system  is  known  as  that  of  the  sealant  rotti,  and  greatly 
facilitates  the  ascent  up  such  steep  roads. 

In  some  of  the  Austrian  salt-mines  the  men  descend  by 
wooden  slides  inclined  at  angles  varying  from  30*"  to  50*, 
flattening  at  the  bottom  so  as  to  reduce  the  velocity  gradually ; 
the  miner  can  increase  his  speed  by  leaning  forwards  or  lessen 
it  by  leaning  back.     The  ascent  is  by  steps. 

(3)  Ladders. — Ladders  are  very  largely  used  in  ore-mines 
all  over  the  world,  but  they  vary  a  good  deal  in  different 
countries.  In  Mexico  and  in  Chili  the  common  ladder  is 
merely  a  pole  with  notches  at  the  sides  for  receiving  the 
feet.  These  ladders,  especially  when  worn,  are  better  fitted 
for  barefooted  or  sandaled  miners  than  for  those  wearing  a 
heavy  and  unyielding  boot. 

The  so-called  "  centipede  ladder,"  met  with  in  out-of-the-way 
parts  of  Australia,  and  even  sometimes  seen  in  Europe,  is  very 
properly  condemned  by  the  inspectors  of  mines  in  Queensland. 
It  is  made  of  a  single  pole,  often  a  sapling  with  the  branches 
cut  off,  with  auger  holes  through  which  wooden  pegs  are 
inserted  at  regular  intervals.  The  projecting  pegs  form  the 
rungs  of  the  ladder.  If  such  a  ladder  is  new,  witli  the  pegs  set 
evenly  and  firmly,  and  placed  at  a  proper  angle,  it  will  serve 
for  shallow  depths ;  but  ladders  of  this  description  are  usually 
put  in  by  men  who  are  not  good  at  carpentry ;  they  are  hung 
vertically,  the  pegs  are  uneven  originally  or  are  allowed  to  get 
rotten,  and  the  successive  ladders  are  not  securely  joined ;  the 
task  of  climbing  then  becomes  a  dangerous  one. 

The  ordinary  ladder  consists  of  two  sides  and  a  series  of 
rungs  {staves y  Cornwall).  The  principal  points  that  have 
to  be  considered  are  the  material,  the  size,  and  the  mode  of 
fixing. 

In  Great  Britain  the  mine  ladder  is  most  commonly  made  with 
wooden  sides  and  iron  rungs.  The  sides  are  easily  formed  by 
putting  a  sawcut  through  a  plank  as  supplied  by  the  timber 
merchant,  2  inches  thick  by  8  inches  wide,  giving  two  pieces 
4  by  2  inches ;  pitch-pine  is  largely  used;  on  account  of  its 
durability.  The  two  sides  are  fastened  together  temporarily, 
and  auger  holes  bored  through  them  both,  so  that  they  match 
exactly.  The  rungs  are  made  of  pieces  of  round  iron,  J  to  | 
inches  in  diameter.  One  may  see  f  inch  iron  employed  for  the 
rungs ;  but,  leaving  aside  the  question  of  safety,  this  is  false 
economy.      The   thin   rung  wears  quickly,    if  there   is  much 
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traffic,  and  soon  has  to  be  replaced.  At  the  ends  and  middle  of 
the  ladder  are  longer  rungs  which  pass  through  the  sides^  and 
tie  them  together  by  means  of  nuts  or  cotters. 

On  the  Continent  wooden  rungs  are  common,  and  oak  is 
preferred  on  account  of  its  durability ;  the  wooden  stave  is 
often  made  flat,  instead  of  round,  so  that  it  may  last  longer, 
and  iron  sides  may  be  seen  where  dry  rot  is  very  bad.  A 
ladder  made  entirely  of  wood  is  lighter  than  one  with  iron 
staves,  and  this  is  an  advantage  if  it  has  to  be  moved  about 
much.  In  places  where  an  ordinary  ladder  would  be  knocked  to 
pieces  by  blasting,  such  as  the  bottom  of  a  shaft  in  course  of 
sinking,  a  short  length  of  chain  ladder  is  put  in ;  the  sides 
are  made  of  pieces  of  chain,  and  iron  rungs  are  attached  at 
suitable  intervals.  Wire  rope  is  also  used  for  the  sides  of 
ladders,  and  Rochebeau  uses  steel  tubes  for  the  rungs.  He 
supplies  ladders  of  this  description,  which  can  be  rolled 
up  into  a  coil  and  kept  in  readiness  in  case  of  an  emer- 
gency. 

A  very  important  point  is  the  distance  between  the  rungs :  it 
should  be  chosen  so  as  not  to  cause  too  great  a  lift  of  the  foot 
at  each  step,  whilst  at  the  same  time  the  number  of  steps  must 
not  be  increased  out  of  reason.  Experience  shows  that  a 
distance  of  10  inches  from  centre  to  centre  is  very  suitable  ; 
ladders  with  a  step  of  1 1  inches  or  12  inches  are  far  more 
fatiguing  to  climb.  The  two  end  rungs  often  have  collars,  and, 
like  them,  the  middle  rung  is  screwed  at  the  ends  for  nuts ; 
these  add  to  the  general  strength  of  the  ladder ;  the  sides 
are  thus  kept  permanently  about  11  inches  apart.  If  not 
secured  in  some  fashion  the  ends  may  come  together  a  little 
and  the  middle  bulge  out.  It  is  advisable  to  have  a  uniform 
pattern  for  all  the  ladders  in  a  niine,  such  as  14  feet,  for 
instance,  and  when  an  old  ladder  has  to  be  replaced,  a  suitable 
new  one  is  ready  in  stock,  without  any  delay  for  taking 
measurements  or  making  it.  Two  such  ladders  joined  together 
form  a  very  convenient  length  for  a  "  footway  "  in  a  shaft ;  they 
make  a  ladder  28  feet  long,  and  allowing  4  feet  to  project 
above  the  platform,  for  safety  and  comfort  in  getting  on  and  off, 
there  remains  a  length  of  24  feet  for  actual  climbing  between 
the  platforms  or  sollars.  The  two  ladders  can  be  fastened 
together  by  an  iron  strapping-plate  on  each  side,  held  in 
position  by  the  nuts  of  the  two  terminal  rungs.  Where  the 
ladders  have  plain  rungs  at  the  ends  a  strong  wooden  cleat 
nailed  on  to  both  ladders  makes  the  connection.  In  making 
the  joint  between  two  ladders,  care  should  be  taken  to 
maintain  the  proper  distance  between  the  staves  and  the  regular 
inclination  ;  for  when  once  a  man  has  got  into  the  rhythm,  so 
to  say,  of  climbing,  he  is  liable  to  miss  his  step  and  fall  if  a 
rung  fails  to  come  just  where  he  expects  it. 
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Fig.  599  represents  a  ladder  made  entirely  of  iron,  such  as  is 
largely  used  in  mines  in  the  north  of  France.  The  sides  are  of 
flat  iron,  7  x  70  mm.  (about  J  x  2J  ins.)  and  the  rungs  are  0! 
round  iron,  22  mm.  (|^  inch)  in  diameter;  they  are  252  mm. 
(9-9  inches)  from  centre  to  centre.  Three  of  the  rungs  are  bolts 
with  nuts,  and  the  others  are  riveted ;  the  manner  of  joining 

two  ladders  by  a  cotter  bolt  with  a  square 
Fio.  599.  ^^^  is  evident  from   Fig.   600.      The  iron 

♦•••n     °^y    ^    galvanised    to    prevent    rusting. 

==  a    ;      a      Ladders  of  this  description  weigh  10  kil.  per 

metre  (20  lbs.  per  yard). 

Platforms  (sollarSj  Cornwall)  should  be 
fixed  at  short  intervals ;  though  the  British 
law  allows  them  to  be  placed  60  feet  apart, 
the  distance    can    be  reduced   with   great 
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advantage  to  18,  20,  or  24  feet  in  perpen- 
dicular or  highly  inclined  shafts.     A  much 
shorter    interval    would    mean    too     many 
changes,   and   a    longer  one  would    render 
falls  more  dangerous,  besides  curtailing  the 
number  of  enforced  short  rests,  which  are  a 
relief   in   climbing   up   from   great    depths. 
One  side  of  the  ladder  may  be  fastened  to 
timber  in  the  shaft  by  strong  staples  ;  and  if 
not,  it  should  be  kept  rigid  by  stays,   so  as 
to  prevent  any  swaying. 
Lastly  comes  the  question  of  the  angle  at  which  the  ladder 
should  be  inclined.     The  mine  owner  should  spare  no  pains  to 
render  the  "  travelling "  as  safe  and  as  easy  as  possible,  and 
should  recollect  that  the  miner  climbs  with  the  least  amount  of 
fatigue  when  the  greater  part  of  the  work  of  raising  tbe  body  is 
thrown  upon  the  muscles  of  the  legs  and  not  upon  those  of  the 
arms :  the  part  played  by  the  arms  should  be  in  keeping  the 
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body  in  a  proper  position  and  preventing  falls.  It  may  here  be 
noted  that  the  miner  does  not  climb  a  ladder  like  a  bricklayer 
or  a  house-painter.  The  latter  place  their  hands  upon  the  sides 
of  the  ladder ;  the  miner  grasps  the  rungs,  and  even  if  his  foot 
.  slips,  or  if  a  faulty  rung  gives  way  under  him,  he  has  a  chance  of 
saving  himself.  In  climbing  down  he  frequently  misses  every 
alternate  stave  with  his  hands,  or,  in  other  words,  he  makes  two 
steps  with  his  feet  for  one  grasp  with  the  hand. 

The  most  convenient  angle  for  ladders  is  about  20**  from  the 
vertical ;  if  they  are  much  flatter  than  this,  the  arms  have  to  be 
used  in  order  to  prevent  the  body  from  falling  forwards ;  if  they 
are  steeper,  the  arms  have  to  lift  part  of  the  weight  of  the  body. 
In  either  case  there  is  fatigue  for  the  arms,  and  in  the  latter 
the  danger  of  falls  is  increased ;  these  disadvantages  become 
very  marked  when  the  ladders  are  placed  in  a  vertical  or  over- 
hanging position.  Ladders  so  fixed  are  prohibited  by  law  in 
Great  Britain,  for  it  is  not  only  the  life  of  the  man  who  falls 
which  is  endangered,  but  he  may  sweep  off  several  men  beneath 
him.  Unfortunately,  the  present  law  does  not  go  quite  far 
enough ;  it  forbids  a  vertical  ladder,  but  permits  a  ladder  in- 
clined at  an  angle  of  1°  or  2"  from  the  vertical,  provided  the 
shaft  is  not  large  enough  to  admit  of  any  better  arrangement. 
In  other  words,  it  does  not  compel  the  mine  owner  to  sink  a 
shaft  large  enough  for  a  proper  ladder-road.  The  Belgian  law 
of  1 85 1,  enacted  twenty-one  years  before  the  British,  is  more 
wisely  worded  ;  it  decrees  that  no  ladder  shall  be  inclined  at  an 
angle  of  less  than  10"  from  the  vertical. 

Furthermore,  of  two  arrangements  shown  in  Fig.  601,  A  is 
better  than  B,  because  it  not  only  affords 
a  greater  inclination  for  the  ladders,  but 
also  renders  it  less  likely  that  a  man  wiU 
drop  through  the  opening  (manhole)  in  the 
platform  (sollar)  if  he  loses  his  hold  and 
falls.  In  planning  the  regular  permanent 
ladder-road  for  the  miners,  it  is  well  to 
avoid  shafts  in  which  other  operations, 
such  as  winding  or  pumping,  are  going 
on.  By  law,  in  Great  Britain,  the  ladder 
compartment  has  to  be  partitioned  off 
from  the  winding  compartment ;  a  better 
plan,  if  possible,  is  to  provide  an  entirely 
separate  shaft  for  a  footway.  In  vein 
mines,  a  number  of  the  winzes  can  con- 
veniently be  set  apart  for  "  travelling  " 
purposes.     Occasionally  the  ladder-way  is 

made  double  in  the  upper  part  of  the  mine,  so  as  to  prevent  loss 
of  time  at  the  change  of  the  shifts,  when  an  ascending  stream  of 
men  meets  a  similar  descending  stream. 


Fig.  601. 
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Some  of  the  matters  just  mentioned  may  seem  trifling,  but 
leaving  aside  the  question  of  safety,  the  economy  derived  from 
fixing  the  ladders  at  the  best  possible  inclination  is  by  no  means 
small.  To  make  this  apparent,  we  must  recollect  the  depths  to 
and  from  which  men  have  to  climb — viz.,  300,  400,  and  even 
500  yards  or  more.  It  is,  therefore,  important  to  save  every 
unnecessary  expenditure  of  energy,  which,  though  trifling  for 
one  ladder,  becomes  considerable  if  very  frequently  repeated. 
When  a  mine  has  reached  a  depth  of  100  yards,  and  a  fortiori 
when  it  has  exceeded  it,  mechanical  appliances  should  certainly 
be  introduced  for  raising  and  lowering  the  men,  because  time 
and  strength  are  wasted  by  climbing;  besides  which  medical 
men  are  agreed  that  excessive  ladder-climbing  is  injurious  to  the 
health  of  the  miner.  Therefore  upon  hygienic  and  upon  financial 
grounds,  one  of  the  first  thoughts  in  working  a  mine  should  be 
the  conveyance  of  the  men  down  and  up  the  shaft  with  the  least 
possible  fatigue,  by  means  of  machinery. 

(4)  Buckets  and  Cages. — ^This  method  of  going  down  and 
coming  up  from  mines  recommends  itself  by  its  simplicity, 
and  when  carried  out  with  modern  appliances  it  is  remarkably 
safe. 

If  the  machinery  is  being  worked  by  hand,  the  miner  usually 
stands  with  one  foot  in  the  kibble  and  uses  the  other  to  guide 
himself,  while  he  holds  the  rope  in  his  hands ;  this  guiding  is 
specially  necessary  when  going  down  an  inclined  winze  with 
rough  and  rugged  sides.  Some  men  prefer  to  have  one  foot 
in  a  loop  at  the  end  of  the  rope,  whilst  others  like  a  special 
stirrup. 

At  the  ozokerite  mines  of  Boryslaw,  and  also  in  sinking  oil- 
wells  in  Burma,  special  precautions  are  taken  in  case  the  men 
should  become  unconscious  from  breathing  an  atmosphere  highly 
charged  with  noxious  gases.  In  every  case  the  man  is  secured 
by  a  second  rope,  so  that  he  can  be  drawn  up  even  if  be  falls 
from  the  bucket.  The  Boryslaw  safety-gear  is  a  strong  leathern 
waist-belt  to  which  is  attached  a  broad  strap  divided  into  two  at 
each  end.  One  thong  passes  over  each  shoulder  and  is  buckled 
to  the  belt,  and  one  under  each  leg  is  attached  in  a  similar 
manner.  An  iron  ring  between  the  shoulders  completes  the 
gear.  It  serves  for  attaching  the  second  rope,  or  life-line, 
coiled  upon  a  separate  windlass,  and  paid  out  as  fast  as  the 
main  rope  with  the  bucket  in  which  the  man  stands  with  one 
leg.  Many  of  the  shafts  worked  in  this  way  are  more  than 
150  yards  deep,  and  one  has  attained  a  depth  of  262  yards 
(240  metres). 

Guides  are  compulsory  in  Great  Britain  after  a  depth  of 
50  yards  is  exceeded,  unless  the  owner  of  the  mine  has  obtained 
an  exemption  from  the  inspector  of  the  district.  It  has  been 
explained  in  the  chapter  upon  winding  how  they  can  be  applieil 
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to  the  kibble  or  bucket  even  in  a  sinking  shatt ;  but  the  usual 
method  of  ascent  and  descent  is  by  the  cage,  or  some  form  of 
guided  box.  Little  need  be  said  about  the  process  of  lowering 
and  raising,  for  it  is  practically  the  same  as  winding  mineral. 
Rules  are  made  defining  the  number  of  men  allowed  to  ride  at 
one  time,  and  generally  there  is  a  bar  near  the  top  of  the  cage 
which  the  men  can  hold,  in  case  there  should  be  a  little  jerk.  In 
some  countries  it  is  necessary  that  the  cage  should  be  so  enclosed 
that  there  is  no  possibility  of  a  man  falling  out  during  his  rapid 
ride.  As  sending  the  men  down  and  up  in  this  fashion  inter- 
feres with  the  winding  of  minerals,  access  to  the  cage  should 
be  easy ;  even  stooping  causes  a  little  loss  of  time,  and  the 
despatch  of  the  men  into  the  mine  will  be  expedited  if  the  cage 
is  high  enough  for  them  to  walk  in  upright  without  any 
thought  of  their  heads.  If  the  space  is  too  low  for  standing 
up  conveniently,  the  men  may  be  made  to  crouch  down  in  mine- 
waggons,  which  are  pushed  on  to  the  cage  as  if  they  contained 
mineral. 

The  extent  of  the  interference  with  the  regular  winding 
operations  will  be  best  understood  by  examples.  The  Prussian 
Government  regulations  at  Mansf  eld  do  not  allow  a  greater  speed 
than  328  yards  per  minute  (5  metres  per  second)  when  men  are 
being  wound.  At  Ernst  I.  shaft,  which  is  41 1  yards  (376  metres) 
deep,  it  was  reckoned,  a  few  years  ago,  that  seven  hours  out  of 
the  twenty-four  were  occupied  with  the  descent  and  ascent  of 
1069  persons,  thus : — 

Fenous. 
Morning  from    4.30  A.M.  to    6.30  A.H.,  2  boars  ...  450 

Afternoon,,    12.30  p.m.  ,,    3.45  p.m.,  3^^    „  ...  415 

Evening     „      9.15  p.m.  „  ii.o    p.m.,  i|    „  ...  204 

Total 7      n  ••  1069 

At  Ernst  III.  shaft,  which  is  273  yards  (250  m.)  deep,  the 
figures  were  as  follows : — 

Person*. 
Morning  from    5.0    A.M.  to    6.15  A.M.,  i^  hours  ...  260 

Afternoon,,       1.15  P.M.  „    2.30  p.m.,  i|    „  ...  234 

Evening     „      9.30  p.m.  „  10.30  p.m.,  i      ,,  •••  149 

Total 3)     n  •••  643 

The  cage  at  the  former  shaft  took  seven  men  at  a  time,  and 
that  of  the  latter,  sixteen  men,  as  it  was  double-decked. 

With  the  object  of  relieving  the  ordinary  winding-plant  from 
this  task  in  one  part  of  the  district,  a  new  shaft  was  sunk  solely 
for  raising  and  lowering  the  men. 

The  British  law  demands  that,  in  addition  to  the  guides  already 
mentioned,  there  should  be  a  cover  overhead,  so  as  to  protect  the 
men  from  things  accidentally  falling  down  the  shaft.  The  use  of 
a  single-linked  chain  is  forbidden,  except  for  the  short  coupling- 
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piece  connecting  the  cage  to  the  rope.  There  must  be  flanges 
to  prevent  the  rope  from  slipping  off  the  drum;  the  winding 
machine  has  to  be  provided  with  an  adequate  brake  and  a  proper 
indicator;  and,  lastly,  there  must  be  means  of  signalling  up  and 
down  from  every  landing-place  in  the  shaft.  In  some  countries 
safety  catches  are  compulsory. 

An  ingenious  and  useful  method  of  signalling  is  that  of  Mr. 
Armstrong,  who  inserts  an  electrically  insulated  wire  into  the 
centre  of  the  winding  rope  for  the  purpose  of  communicating 
from  the  cage  itself  to  the  engineman,  no  matter  whether  the 
cage  is  in  motion  or  not.  The  electric  wire  is  brought  into  con- 
tact with  an  insulated  metal  ring  placed  upon  the  crank  shaft 
of  the  engine,  and  a  copper  lever  pressing  upon  this  ring  places 
the  wire  in  communication  with  a  small  battery.  The  wire 
rope  itself  serves  as  a  return.  The  circuit  can  be  completed  by 
pushing  a  button  inside  the  cage,  or  another  placed  upon  the 
roof,  and  the  ringing  of  a  bell  at  the  surface  gives  the  necessary 
signals  to  the  engineman.  This  rope,  which  is  made  by  Haggie 
Brothers,  Ltd.,  of  Gateshead-on-Tyne,  is  being  used  with  success 
at  collieries  in  the  north  of  England,  and  at  one  of  them  a  separate 
shaft  is  set  apart  for  the  men,  so  as  not  to  interfere  at  all  with 
the  winding  of  coal ;  the  cage  carries  twenty  men  at  once,  and 
is  always  in  charge  of  a  conductor,  whose  duties  resemble  those 
of  the  attendant  of  an  hotel  lift  or  elevator.  By  merely  press- 
ing a  button  he  signals  direct  to  the  engineman  to  start  or  to 
stop  as  required. 

At  mines  under  the  Coal  Mines  Act  in  Great  Britain,  the 
rate  of  winding  men  must  not  exceed  three  miles  an  hour  after 
the  cage  has  reached  a  point  in  the  shaft  which  is  fixed  by 
special  rules.  However,  this  regulation  applies  only  in  cases 
where  the  hoisting  apparatus  is  not  provided  with  some  auto- 
matic contrivance  to  prevent  overwinding.  In  Germany  a 
speed  indicator  has  to  be  applied  when  men  are  being  raised  or 
lowered;  among  instruments  of  this  class  may  be  mentioned 
the  tachymeter  of  Schaffer  and  Budenberg,  which  indicates  the 
rate  of  winding  by  a  pointer  on  a  dial  in  full  view  of  the  engine- 
man.  Karlik's  speed -measurer  not  only  notifies  the  velocity  by 
a  pointer,  but  also  records  it  automatically  on  paper. 

Winding  by  the  cage  is  not  confined  to  perpendicular  shafts. 
At  Cam  Brea  mine  in  Cornwall  a  two-decked  cage,  holding  six- 
teen persons,  runs  in  a  shaft  which  is  perpendicular  for  the  first 
1 20  fathoms  and  then  follows  the  changing  dip  of  the  lode  for 
107  fathoms  more.  The  inclination  varies  from  about  10*  to 
30**  from  the  vertical.  In  a  shaft  of  this  kind  it  is  impossible 
to  wind  with  safety  at  speeds  which  are  common  at  collieries ; 
nevertheless  the  cage  does  very  useful  work,  and  as  the  rope  is 
renewed  every  four  months,  there  is  litUe  chance  of  a  breakage. 
The  cage  at  Junge  Hohe  Birke  mine,  near  Freiberg,  consists  of 
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five  small  compartments  one  above  the  other,  each  forming,  as 
it  were,  a  separate  link  of  a  chain ;  the  cage  can  thus  accom- 
modate itself  to  bends  in  the  shaft.  Each  compartment  takes 
two  men. 

(5)  Dian-engine. — The  first  man- engine  was  put  up  in  the 
Hartz  in  1833,  and  nine  years  later  a  similar  machine  was  fixed 
in  Tresavean  mine  in  Cornwall.  Since  that  time  this  useful 
means  of  conveying  men  up  and  down  shafts  has  been  resorted 
to  in  other  mining  districts,  such  as  Belgium,  Westphalia,  and 
Saxony. 

Two  kinds  of  man-engine  are  in  use — the  double-rod  and  the 
single-rod  machines. 

The  double-rod,  or  original  man-engine,  consists  of  two 
reciprocating  rods,  like  the  main  rods  of  pumps,  carrying  small 
platforms  upon  which  the  men  stand.  The 
stroke  is  from  4  to  16  feet,  and  the  little  plat- 
forms are  arranged  so  that  they  are  always 
opposite  each  other  at  the  beginning  and  end 
of  each  stroke. 

Figs.  602  and  603  represent  the  rods  in  the 
two  final  positions.  A  man  who  wishes  to  go 
down,  steps  upon  platform  h  (Fig.  602),  the  rod 
B  goes  down  and  A  goes  up,  so  that  h  is  brought 
opposite  c  (Fig.  603).  The  man  steps  across 
from  h  to  c,  the  rod  A  makes  a  down- 
stroke,  and  B  an  up-stroke.  Plat- 
form c  is  now  opposite  d  (Fig.  602), 
and  the  man  again  steps  across ;  and 
thus,  by  con^ntly  stepping  from  the 
1  rod  as  it  completes  its  down-stroke, 
I  the  man  is  gradually  conveyed  to 
^i    the  bottom  of  the  shaft.    By  reversing 

the  process,  or,  in  other  words,  by  stepping  off  on  to 
the  opposite  platform  as  soon  as  the  rod  has  com- 
pleted its  up-stroke,  the  man  is  raised  to  the  surface 
without  any  fatigue  beyond  the  very  slight  effort  of 
stepping  sideways.  If  each  rod  makes  four  up-and- 
down-strokes  of  10  feet  each  per  minute,  the  rate 
of  ascent  or  descent  will  be  80  feet  per  minute. 

The  single-rod  man-engine  has  one  rod  carrying 

steps,   while  fixed  platforms  are  arranged   in    the 

shaft  so  as  to  correspond  exactly  with  them  (Fig. 

604).     If  a  man  wants  to  go  down,  he  steps  on  to 

A  when  the  up-stroke  is  completed ;   the  rod  goes 

down  and  the  step  A  is  brought  opposite  the  fixed 

platform  6,  on  to  which  he  steps.     He  then  waits  on  h  until  the 

rod  has  finished  its  up-stroke.     B  is  brought  opposite  h^  he  steps 

on  to  B,  the  rod  goes  down  and  he  is  brought  opposite  c,  where 
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he  again  steps  off  and  waits.  By  reversing  the  operation  he  is 
gradually  lifted  up  to  the  top  of  the  shaft.  The  single-rod 
engine  may  be  used  by  men  going  up  while  others  are  going 
down,  provided  that  there  is  sufficient  room  upon  the  fixed 
platforms  {soUarSy  Cornwall).  It  is  best  to  have  platforms 
right  and  left,  as  shown  in  the  figure,  and  then  the  ascending 
men  step  off  always  to  the  left,  for  instance,  while  the  descend- 
ing men  take  the  right-hand  sollars.  The  ascending  man  steps 
on  to  the  man-engine  as  soon  as  the  descending  man  steps  off, 
and  so  the  rod  may  be  always  carrying  men  up  or  down.  The 
usual  stroke  in  Cornwall  is  1 2  feet,  and  there  are  from  3  to  6 
double  strokes  per  minute.  With  5  strokes  the  men  descend  10 
fathoms  a  minute,  or,  in  other  words,  a  descent  or  ascent  of  300 
fathoms  occupies  half-an-hour.  However,  after  the  first  man  has 
reached  tbe  bottom,  the  rest  will  be  coming  down  at  the  rate  of 
five  a  minute.  The  reciprocating  motion  is  best  obtained  from 
a  crank  (Fig.  710),  because  in  this  case  the  speed  is  gradually 
diminished  at  the  dead  points,  and  the  danger  of  an  accident  in 
stepping  off  and  on  is  thereby  lessened ;  man-engines,  however, 
are  sometimes  driven  by  direct-acting  engines  and  at  Laxey 
mine,  in  the  Isle  of  Man,  a  water-pressure  engine  furnishes 
the  motive  power  for  one  of  these  machines. 

Man-engine  rods  are  constructed  of  wood  or  iron  ;  and  at  St. 
Andreasberg,  in  the  Hartz,  each  rod  was  replaced  by  two  wire 
ropes.  Like  a  pump  rod,  the  man- engine  rod  requires  proper 
balance-bobs  and  catches,  and  for  the  safety  of  the  men  a  handle 
is  provided  at  a  convenient  height  above  each  step.  Sloping 
boards  should  be  fixed  under  each  platform,  so  as  to  make  a 
funnel-shaped  passage  guiding  the  man's  head  into  the  proper 
channel,  in  case  he  is  not  standing  upright  when  "  riding  *'  up. 
A  useful  addition  is  a  small  wire  rope  passing  down  from  sollar 
to  sollar,  and  placed  within  easy  reach  of  a  man  when  standing 
on  a  step ;  he  grasps  this  with  one  hand  as  he  steps  off  on 
going  down,  and  steadies  himself  by  it  if  necessary.  When 
riding  up,  he  passes  through  the  sollar  and  sees  where  he  is 
going  to  step  before  he  gets  off,  so  it  is  not  required  on  both 
sides  of  the  fixed  platform.  There  should  be  a  signal  line,  with 
means  of  working  it,  at  every  sollar,  for  enabling  any  miner  to 
ring  and  stop  the  man-engine  in  case  of  an  accident.  It  is 
well,  too,  to  have  a  ladder-road  at  the  side  of  the  man-engine,  in 
order  to  afford  a  means  of  going  up  or  down  in  the  event  of 
some  unexpected  breakdown  of  the  machinery ;  but  the  plan  of 
fixing  this  ladder-way  between  the  two  rods  of  a  double  engine 
is  not  to  be  commended,  for  the  wider  the  space  between  the 
rods  the  greater  the  chance  of  an  accident. 

The  man-engine  has  the  advantage  that  it  can  be  safely  applied 
in  inclined  and  crooked  shafts,  and  it  is  convenient  in  vein-mining 
where  the  men  have  to  work  at  very  many  different  levels. 
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The  cost  of  raising  and  lowering  men  by  the  machine  is  not 
great.  At  Dolcoath,  a  tin  mine  in  Cornwall,  more  than  400 
fathoms  deep,  it  was  reckoned  some  years  ago  that  i  |d.  per  man 
per  day  covered  all  expenses,  including  interest  upon  the  capital 
expended  and  depreciation  of  plant. 

Judging  by  what  has  taken  place  during  recent  years,  it 
seems  likely  that  a  man-engine  will  eventually  die  a  natural 
death,  and  be  replaced  by  the  safer  and  more  convenient  cage. 

(6)  Wagrsrons. — When  the  distance  to  the  working-place 
is  great,  the  mine  is  generally  equipped  with  some  form  of 
mechanical  haulage,  and  the  men  are  sent  in  and  brought 
out  in  mine  waggons,  with  the  object  of  economising  time  and 
husbanding  their  strength.  In  the  case  of  inclines,  if  the  dip 
is  not  very  steep,  the  men  may  be  lowered  and  raised  in  vehicles 
resembling  the  cars  on  mountain  railways  with  benches  arranged 
in  tiers  one  above  the  other.  This  method  is  in  use  at  the 
Robinson  gold  mine  in  the  Transvaal. 

(7)  Velocipedes. — These  machines  are  of  service  in  long  adit 
levels,  especially  for  superintendents.  In  the  Cowenhoven  adit 
in  Colorado  a  small  tunnel  velocipede  is  used.  The  machines 
are  very  fast,  safe,  and  light,  and  can  be  lifted  from  one  line  to 
another  with  one  hand. 
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CHAPTER  Xril. 

DRESSING. 

Prooeases  of  Treatment. — Under  the  convenient  term  of 
'*  dressing "  are  included  the  processes  by  which  the  miner 
prepares  his  mineral  for  sale,  or  by  which  he  exti  acts  a  market- 
able product  from  it.  These  processes  are  very  various,  and  cannot 
all  be  properly  comprised  under  the  French  beading  "  Prepara- 
tion mecanique,"  because,  in  addition  to  using  mechanical  means, 
the  miner  often  invokes  the  aid  of  heat,  magnetism,  or  chemical 
affinity,  in  order  to  separate  the  valuable  material  from  the 
worthless  rock  with  which  it  is  associated  in  the  earth.  It 
must  also  be  recollected  that  there  is  a  borderland  between 
mining  and  metallurgy,  on  which  both  miner  and  smelter  may 
fairly  claim  a  footing,  because  the  former  does  not  always  send 
away  his  ore  in  the  same  state  of  elaboration.  Some  may  be 
inclined  to  cut  the  knot  by  saying  that  the  business  of  the 
miner  is  at  an  end  when  the  mineral  is  .landed  at  the  surface ; 
but  in  actual  practice  this  is  the  exception,  and  the  person  in 
charge  of  the  mine  has  usually  to  superintend  certain  processes 
which  are  carried  on  in  order  to  obtain  a  readily  saleable 
article. 

It  is  proposed  in  this  chapter  first  to  describe  the  various 
dressing  processes,  and  then  to  explain  how  they  are  applied 
to  the  most  important  minerals  with  which  the  miner  has  to 
deal. 

In  order  to  have  a  clear  idea  of  the  principles  which  guide 
the  miner,  it  is  requisite  that  we  should  classify  the  processes 
which  he  employs ;  and  we  may  at  once  make  three  main 
divisions,  according  as  the  process  is  effected  solely  by  mechanical 
means,  or  is  based  upon  the  physical  or  chemical  properties  of 
the  minerals  treated.  This  classification  is  somewhat  arbitrary : 
differences  of  opinion  may  exist,  for  instance,  concerning  solu- 
tion, some  persons  considering  it  as  a  chemical  process,  others, 
as  a  mere  change  of  state  without  any  chemical  action ;  again 
the  process  by  which  a  physical  property  is  brought  into  play  is 
usually  effected  with  the  aid  of  mechanical  appliances;  and 
lastly,  chemical  and  physical  actions  may  both  be  involved  in 
the  methods  of  treatment.  It  must,  therefore,  be  understood 
that  the  classification  is  established  rather  for  the  convenience 
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of  the  student,  than  with  the  idea  that  the  subdivisions  of  the 
subject  are  strictly  defined  in  reality.  It  will  be  seen  also  as 
we  proceed  that  many  of  the  sub-classes  refer  to  exceptional 
processes  applicable  only  to  special  minerals. 

The  following  table  gives  an  outline  of  the  operations  employed 
in  dressing: — 

I.  Mechanical  Pbocesses. 

1.  Washing. 

2.  Hand-pickiDg. 

3.  Breaking- ap,  subdivision,  or  shaping. 

4.  Agglomeration  or  consolidation. 

5.  Screening  or  sifting. 

II.  Pbocesses  Depending  upon  Physical  Properties. 

1.  Motion  in  water. 

2.  Motion  in  air. 

3.  Desiccation. 

4.  Fusion. 

5.  Magnetic  attraction. 

6.  Surface  adhesion. 

7.  Separation  according  to  degree  of  friability. 

III.  Processes  Depending  upon  Chemical  Properties. 

1.  Solution,  evaporation,  and  crystallisation. 

2.  Atmospheric  weathering. 

3.  Calcination. 

4.  Cementation  or  precipitation  by  iron. 

5.  Amalgamation. 

1.  MECHANICAL  PBOCESSES. 

(i)  WASHING. — The  object  of  washing  is  threefold  :  removal 
of  earthy  impurities,  and  preliminary  cleansing  previous  to 
hand-picking,  for  the  valuable  mineral,  as  it  comes  from  the 
mine,  is  often  completely  masked  by  a  coating  of  dirt.  At  other 
times  the  clayey  particles  are  the  valuable  material,  and  have 
to  be  separated  from  worthless  stones. 

The  process  is  carried  out  by  hand  or  by  machinery.  The 
simplest  appliances  are  the  pan  and  the  batea,  which  are 
specially  used  in  the  case  of  gold  and  tin.  The  pan  is  a  circular 
dish  made  of  tin-plate  or  stamped  iron  or  steel,  about  15  or  16 
inches  in  diameter  at  the  top  and  10  or  11  at  the  bottom,  with 
a  depth  of  3  or  4  inches.  After  having  been  partly  filled  with 
the  mineral  to  be  washed,  it  is  held  in  a  pool  of  water,  or  a  vat, 
in  which  it  can  be  mo\:ed  so  as  to  impart  a  circular  motion  to  its 
contents.  By  suitably  inclining  the  edge,  the  muddy  stream  is 
made  to  flow  ofiP,  more  clean  water  is  taken  on,  and  the  process 
is  repeated  until  there  remains  nothing  but  well-washed  sand 
and  gravel  in  the  bottom.     The  big  stones  are  taken  out  and 
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examined,  and  thrown  away  if  worthless ;  large  nuggets,  if  pre- 
sent, are  now  visible  and  can  be  picked  out,  whilst  the  small 
stones  and  sand  are  again  mixed  with  water  and  washed,  so  that 
the  lighter  particles  flow  over  the  edge  and  the  heavy  ones 
remain  in  the  pan.  By  careful  manipulation  the  water  is  made 
to  run  repeatedly  over  the  residue,  and  separate  the  various 
ingredients  according  to  their  specific  gravities,  as  will  be 
explained  later.  The  pan,  therefore,  acts  not  only  as  a  washer, 
but  also  as  a  concentrator. 

Though  the  main  use  of  the  pan  is  for  prospecting,  it  must  be 
remembered  that  very  large  quantities  of  alluvial  gold  have  been 
extracted  by  its  aid. 

The  batea  fulfils  the  same  purpose  as  the  pan.  It  is  usually 
a  shallow  conical  bowl  made  of  wood,  stamped  sheet-iron, 
hammered  copper,  or  spun  aluminium  or  copper.  Convenient 
dimensions  are:  diameter  1 8  to  20  inches  and  depth  2^  to  3 
inches.  In  some  parts  of  India  the  wooden  gold-washing  dish  is 
rectangular.  The  mineral  is  treated  much  in  the  same  way  as 
in  the  pan,  but  the  batea  has  the  great  advantage  of  bringing 
all  the  heaviest  particles  to  a  point,  instead  of  an  edge.  Much 
gold  has  been  obtained  with  this  primitive  appliance,  especially 
in  South  America  and  Central  America,  whilst  in  the  Malay 
Peninsula  it  is  used  for  extracting  tin  ore  from  gravel,  and  in 
Brazil  for  washing  out  diamonds.  In  prospecting,  the  batea  is 
invaluable. 

If  large  quantities  of  mineral  have  to  be  handled,  it  is  neces- 
sary to  separate  the  adherent  dirt  in  some  cheaper  fashion. 
Occupying  an  intermediate  position  between  the  hand-bowls 
and  the  rotary  machines  are  simple  washing  pits  of  different 
descriptions. 

Some  of  the  lead  ore  of  North  Wales  occurs  in  the  form  of 
solid  lumps  of  galena  enveloped  in  clay.  The  ore  coming  from 
the  mine  is  thrown  into  a  stone-lined  pit  about  1 8  inches  deep, 
partly  filled  with  water,  in  which  it  is  pushed  backwards  and 
forwards  until  the  galena  is  separated  from  its  clayey  matrix. 
This  kind  of  washing  pit  is  known  as  a  ''  jobbing  buddle.'' 

Phosphatic  nodules  are  cleansed  from  sand  in  a  similar 
manner,  by  being  raked  or  shovelled  backwards  and  forwards  in 
long  wooden  troughs  full  of  water. 

The  Australian  puddling  machine  is  an  example  of  an 
appliance  for  doing  similar  work  by  the  aid  of  a  horse  or  other 
available  power.  It  is  a  circular  pit  in  which  gold-bearing 
gravel  is  stirred  up  with  water  by  knives  attached  to  radial  arms, 
which  are  carried  round  by  a  vertical  axis. 

The  rotary  washing  machine  employed  at  diamond  mines 
(Fig.  605)  is  identical  in  principle.  The  object  is  to  free  the 
weathered  **  blue  ground  "  from  the  finest  sand  and  mud  and 
leave  only  a  gravel,  thereby  lightening  and  facilitating  the  sub- 
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sequent  operations.  The  rotary  washer  is  an  annular  iron  pan, 
A  (iMg.  605)  8  to  15  feet  in  diameter  and  16  inches  to  2  feet 
deep  externally,  whilst  the  inner  rim,  B,  4  feet  in  diameter,  is 
only  6  inches  deep.  In  the  centre  is  a  revolving  vertical  shaft, 
C,  carrying  8  or  10  curved  arms,  D,  each  provided  with  4  or  5 
vertical  blades  which  dip  into  the  mud  and  gravel,  and  stir  it  up 
as  they  revolve.  At  De  Beers  mine  the  washers  are  usually 
14  feet  in  diameter.  The  stuff  is  fed  in  at  the  outer  circum- 
ference by  a  shoot  coming  from  a  screen,  and  the  muddy  water 
escapes  over  the  low  inner  rim   of  the   pan.     The  teeth  or 
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stirring  knives  are  shaped  and  arranged  so  as  to  bring  the  heavy 
gravel  towards  the  circumference.  The  stirrers  are  run  at  a 
speed  of  8  or  9  revolutions  per  minute,  the  speed  being  slower 
for  rawer  or  less  decomposed  blue.  As  a  precaution,  the  muddy 
water  flowing  out  of  the  washer  is  run  into  a  similar  machine, 
and  is  stirred  up  to  catch  any  diamonds  which  may  by  chance 
have  escaped  in  the  first  operation.  When  the  pan  has  been 
at  work  for  ten  hours,  a  sliding  door  is  pulled  out  at  the 
bottom,  through  which  the  gravel  falls  into  a  truck  underneath, 
as  it  is  drawn  round  by  scrapers  attached  to  the  arms.  Each 
pan  washes  300  loads  per  day  of  ten  hours,  and  yields  three 
loads  of  gravel. 
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Another  form  of  mechanicitl  washer  (Fig  606)  is  a  revolving 
slieet-iron  dvum,  made  in  the  form  of  a  truncated  cone  revolv- 
ing upon  a  horiiontai  axis,  and  provided  with  internal  stirriii}; 
blades.  The  "  stuff "  to  be  washed  is  fed  in  at  the  centre  of  the 
small  end  with  a  stream  of  water.  In  Fig.  606  a  is  the  driim, 
h  the  conical  mouth,  cc.  the  arms  wliich  attach  the  drum  to  tlie 
central  shaft  d;  ee  are  teeth,  f  the  shoot  from  a  hopper,  g  a  pipe 
bringing  water,  the  amount  of  which  can  be  regulated  by  a  cock. 
The  greater  part  of  this  particular  drum  ia  peHorated,  and  it 
acts  as  a  sizing  machine  after  having  done  the  washing  ;  111  is 
the  driving  pulley,  h  an  iron  trough  catching  the  discharge  of 
the  sieve,  and  /'  a  small  trough  which  takes  the  stones  discarded 

This  machine  is  intended  for  washing  small  stuff  ("  smalls") 
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previous  to  picking  out  the  ore.  The  washing  of  the  larger 
lumps  is  often  effected  by  turning  a  sti'eam  of  water  upon  them 
over  a  coarse  ii'on  grating. 

The  log-waaher  is  largely  used  in  America  for  removing  clay 
from  iron  ore.  The  material  to  be  washed  is  introducei)  near 
the  lower  end  of  a  slightly  inclined  trough,  and  water  at  the 
upper  end,  the  material  being  advanced  against  the  water  by 
spiral  arms  fixed  to  a  couple  of  revolving  ateel  or  wood  logs. 
The  clay  is  thus  broken  up,  wasiied  away,  and  discliaiged  at  the 
lower  end  with  the  wash  water.  The  logs  are  20  to  30  feet 
long  ;  and  a  washer  will  treat  100  to  350  tons  a  day  using  300 
to  500  gallons  of  water  per  minute. 

(2)  HAND-PIOKINO.— No  process  is  simpler  in  principle,  it 
is  merely  the  separation  by  hand  into  classes  of  varying  qunlitv 
and  richness;  the  difficulty  in  practice  is  to  know  how  far  it 
should  be  carried,  before  the  mineral  is  treated  by  machinert'. 
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The  useful  mineral  may  be  the  chief  ingredient,  as  in  the  case 
of  coal  mixed  with  shale,  or  it  may  form  only  a  small  propor- 
tion of  the  stuff  raised,  as  in  the  case  of  diamonds.  Between 
these  two  extremes  are  all  sorts  of  intermediate  cases,  and  the 
picker  may  have  to  make  several  categories  of  various  qualities. 

In  many  cases  hand-picking  may  begin  underground,  and 
where  worthless  rock  can  be  so  separated  without  difficulty, 
it  should  be  removed  with  care,  so  as  to  avoid  useless  ex- 
penditure for  tramming,  hoisting,  and  dressing.  If  a  mineral 
is  specially  valuable,  it  is  often  worth  while  picking  it  out  and 
sending  it  up  by  itself,  with  a  view  to  preventing  loss  or  theft 
in  transit,  or  loss  in  dressing  due  to  the  admixture  of  a  large 
proportion  of  refuse.  Picking  of  this  kind  is  resorted  to  in 
working  rich  pockets  of  gold  or  silver  ore  under  the  superin- 
tendence of  a  foreman.  Pieces  of  pure  ozokerite  are  picked 
out  by  the  Boryslaw  miners  and  sent  to  the  surface  in  sacks, 
and  the  men  are  stimulated  to  do  the  work  as  thoroughly  as 
possible  by  a  premium  paid  for  the  clean  lumps. 

By  the  dim  light  of  a  candle  the  picking  process  cannot,  as  a 
rule,  be  carried  further  than  the  separation  of  worthless  rock, 
and,  occasionally,  the  selection  of  some  very  rich  pieces  of 
mineral ;  nor,  if  the  light  were  better,  would  it  be  advisable 
to  do  more,  for  the  underground  traffic  would  be  complicated  if 
a  number  of  classes  of  mineral  were  made,  and  the  work  of 
picking  can  be  better  performed  by  keen-eyed  boys  and  girls  at 
the  surface  than  by  the  miners  underground,  especially  after 
they  have  passed  middle  age. 

Picking  is  generally  carried  on  after  the  mineral  has  been 
subjected  to  a  washing   process  of  some  kind.      The  washed 
mineral  is  spread  out  on  a  table,  and  boys  and  girls, 
standing   by  the   side,  separate  the  stones  that  lie  Fio.  607. 
before    them    according   to   their   richness   and   the 
subsequent  processes  they  will  have  to  undergo.     A 
scraper  made  of  a  piece  of  iron,  bent  as  shown  by 
Fig.  607,  assists  them  in  drawing  the  lumps  towards 
them  or  into  a  box,  waggon,  or  barrow  by  the  side  of 
the  table. 

In  a  lead-mine  we  may  have  (a)  clean  galena ;  (b) 
mixed  ore,  i.e.  pieces  consisting  partly  of  galena  and 
partly  of  barren  veinstone  ;  (c)  barren  veinstone  and 
pieces  of  the  surrounding  rocks  {country).  This  is  a 
most  simple  case ;  but  very  frequently  one  has  to 
deal  with  a  deposit  producing  the  ores  of  two  or 
three  metals,  especially  in  the  case  of  lead  and  zinc,  and 
then  the  classification  into  various  qualities  becomes  more 
complicated. 

Where  the  amount  of  mineral  to  be  picked  is  considerable, 
labour    may   be     economised    by    self-discharging    tables,    of 
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which    there    are    two    kinds — revolving    round    tables     and 
travelling-belts. 

With  the  former  the  mineral  is  fed  on  at  some  point  of  the 
circumference,  and  the  picking  is  done  by  boys  or  girls  standing 
around.  They  select  pieces  of  certain  qualities  and  richness 
as  the  table  revolves  in  front  of  them,  and  finally,  when  a 
revolution  is  all  but  completed,  nothing  remains  on  the  table 

Fig.  608. 


but  mineral  of  one  quality,  which  is  swept  into  a  box  or  wa.ggon 
by  a  fixed  projecting  scraper. 

Endless  belts  are  made  of  hemp,  wire-gauze,  or  steel  plates 
attached  to  endless  chains,  and  they  are  sometimes  as  mucli  as 
4  feet  wide.  The  refuse  is  picked  off  as  the  mineral  travels  bv, 
and  the  clean  product  can  at  once  be  delivered  into  railwray 
waggons,  ready  for  despatch  to  smelting  works  or  to  some 
further  process  of  dressing.  The  Robins  belt  conveyor,  to 
which  reference  was  made  in  Chapter  VII.,  is  often  use<i  as  a 
picking- table. 


DRESSING.  581 

(3)  BKEASINO  UP,  STTBDmsiON.  OS  SHAPIHO  — 
BeiductioD  in  size  is  necessary  for  various  reasons.  Even  vhea 
an  ore  is  clean  enough  for  the  smelter,  the  large  lumps  are 
often  cniRhed  by  the  miner  for  the  sake  of  obtaining  a  fair 
sample  of  the  whole,  or  of  supplying  a  product  which  is  at  once 

Fig.  609. 


fit  for  the  furnace.  Fertilisers,  cements,  and  pigments  have  to 
be  finely  ground  before  they  can  be  used,  and  the  grinding  may 
or  may  not  take  place  at  the  mine.  Thechiet  object  of  breaking 
up,  however,  is  to  set  free  the  particles  of  ore,  which  are 
generally  found  enclosed  in  or  adhering  to  particles  of  barren 
veinstone. 

Few  processes  in  dressing  are  of  more  importance  than  the 


proper  breaking  np  of  the  ore  or  other  mineral,  A  veiy  large 
number  of  machines  are  employed  suitable  for  the  dillerent 
substances  which  have  to  be  treated,  and  it  will  be  impossible 
within  the  limits  of  this  chapter  to  do  more  than  pass  the  most 
important  in  review  in  a  somewhat  summary  manner. 

The  breaking  may  be  done  (A)  by  hand  or  (B)  by  machinery, 
A.  BEEAKINO  BY  HAND,— The  processes  of  breaking  by 
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hand  may  be  <Hvid(<l,  accoiiling  to  the  pivcise  object  in  view, 

into: — 

(I     BroftkinK  with  llie  sledge  bnmmcr  [ragginy  and  ipaJling}. 
b.  <.'obbIn(;. 

ri.  Splittinp. 

t.  Trimming  into  r-bapc  with  the  ^aw.  axe.  hammer,  or  knife. 

a.  Breaking  witb  the  Sledge  Hammer. — The  term  "  ragging '' 
is  applied,  in  Cornwall  (Fig.  608),  to  the  process  of  breaking  up 
the  very  big  lumps  (I'ocfrs)  as  they  come  fi-om  the  mine  by  a  large 
sledge-hammer  weighing  about  to  or  12  lbs.  The  work  is  done 
by  men,  who,  in  addition  to  breaking  the  lumps,  may  separate 
the  broken  pieces  into  vanoiis  categories  according  to  quality. 

S/iaUiny  is  work  of  a  similar  nature,  but  pei-formed  with  a 


BDialler  sledge,  weighing  4  or  5  lbs.,  which  in  Cornwall  is  often 
wielded  by  a  woman  (t'ig-  609).  Sometimes  there  is  a  little 
picking  at  the  same  time.  The  process  of  spalling  is  often  a 
preliminary  to  crushitig  by  stamps  or  rolls. 

b.  Cobbing. — Cobbing  is  a  special  kind  of  breaking  with  a 
small  hammer,  in  which  the  blow  is  directed  with  the  object  of 
knocking  off  a  piece  of  )>oor  rock  from  a  lump  of  mixed  ore  and 
refuse.  The  work  is  usually  perfoi-med  by  women  (Fig.  610). 
girls,  or  boys,  who  commonly  sit  down  and  strike  the  himps 
upon  an  anvil  of  some  kind,  often  an  old  .'«tnmp-hend.  As  the 
lumps  are  held  in  position  by  the  left  hand,  a  badly  directed 
blow  may  cause  a  nasty  wound  ;  to  prevent  injuries  of  this  kind, 
the  girls  formerly  employed  in  cobbing  copper  ore,  at  the  Monn 
and  Parys  mines  in  Anglesey,  wore  pieces  of  iron  around  thejr 
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Fig.  612. 


fingers,  and  short  pieces  of  india-rubber  tube  are  used  for  the 
same  purpose. 

r.  Bucking. — Bucking  is  breaking  with  a  very  broad  flat 
hammer  in  order  to  reduce  an  ore  to  coarse  powder.  The 
hammer,  called  a  "  bucking-iron,"  is  about  4  inches  square 
with  a  steel  face ;  the  handle  is  from  18  inches  to  2  feet  long. 
The  ore  is  struck  upon  a  thick  flat  plate  of  iron  (Fig.  611). 
The  illustrations  (Figs.  608  to  611)  showing  the  processes  of 
breaking  by  hand  as  practised  in  1858^  have  been  borrowed 
from  Henderson's  classic  paper  on  the  dressing  of  tin  and 
copper  ores  in  Cornwall. 

d.  Splitting. — Splitting  is  required  with  slate,  and  also  with 
stone  which  will  rend  along  certain  directions  other  than 
cleavage  planes,  such  as  planes  of  bedding. 
It  is  done  with  a  wedge  of  some  kind,  in- 
creasing in  sharpness  with  the  thinness  of 
the  slice  required.  Blocks  of  slate  are  split 
by  the  Welsh  quarrymen  with  a  stout  wedge 
into  slabs  about  3  inches  thick,  and  the 
process  is  then  repeated  with  a  thin  one 
("cyn  maen  hollti '')  (Fig.  612)  until  they 
obtain  a  rooflng  material  often  not  more 
than  7  or  ^  inch  thick. 

e.  Trimming.  —  Trimming  into  shape  is 
necessary  with  many  kinds  of  stone.  Thus 
the  Bath  freestone  is  resawn  by  hand  at  the 
surface  (Fig.  157),  if  the  blocks  are  not  quite 
suitable  for  the  market  as  they  come  from 
the  mine.  The  hearthstone  raised  at  God- 
stone  in  Surrey  is  hewn  into  neat  blocks  by  a 

peculiar  double-headed  axe,  whilst  paving-stones,  chert,  and 
gun-flints  are  fashioned  with  the  hammer ;  and  roofing-slate  is 
chopped  into  rectangular  pieces  with  a  large  knife. 

Many  of  these  hand-processes  are  disappearing,  owing  to  the 
introduction  of  machinery  which  will  perform  the  work  with  a 
saving  of  time  and  labour. 

B.  BREAKING  BY  MACHINERY. — Machines  for  breaking 
up,  sub  dividing,  or  shaping  ores  and  stone  may  be  classed  as 
follows : — 


-  as  mi»-  -  M 


a.  Breakers   with   reciprocating 

jaws. 
6.  Breakers  with  gyratory  action. 

c.  Stamps. 

d.  Rolls. 
c.  Mills. 

/.  E'lge-runners. 
g.  Ball-grinders. 
h.  Tube  mills. 


{.  Disintegrators. 

j.  Conical       grinders       and 

breakers. 
k.  Centrifugal  grinders. 
L  Pneumatic  pulverisers. 
Ml.  Miscellaneous  pulverisers, 
n.  Sawing  machines, 
o.  Planing  machines. 
p.  Slate-making  machines. 


a,  Jaw-Breakers, — These  machines,  often  called  roQk-breakers 
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and  Btone-br Bilkers,  crack  stoneB  by  the  near  approach  to  one 
another  of  two  powerful  iron  or  steel  jaws.  The  best  known 
stone-breaker  is  the  machine  invented  by  Blake  in  1858,  which 
has  rendered  inestimable  services  to  the  miner,  and  its  introduc- 
tion constitnted  a  most  important  step  in  advance  in  the  art  of 


ore-dressing.  Its  mode  of  action  is  very  simple.  When  the  shaft 
A  (Fig.  613)  revolves,  an  excentdc  raises  the  pitman  B,  and  by 
means  of  the  toggle-plates  C  C  causes  the  movable  jaw  D  to 
approach  the  fixed  jaw  K,  and  so  crack  any  stones  lying 
between  them.     Dnring  the  descent  of  the  pitman  the  jaw  1) 

KiG.  614. 


is  drawn  back  by  an  india-rubber  spring.  The  jaws  are  usually 
toothed,  the  ridges  of  one  jaw  being  opposite  the  grooves  of  the 
other  when  the  machine  is  employed  for  breaking  stones  at 
mines  ;  if  the  object  is  to  make  road-metal,  the  two  sets  of  ridges 
are  brought  opposite  each  other.     The  weaving  parts  of  the  two 
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jaws  E  £  and  D  I>  are  replaceable,  and  if  these  castings  cannot 
be  immediately  obtained  in  a  distant  country,  it  is  possible  to 
do  good  ^oi'k  with  flat  plates  of  steel. 

The  stone-breaker  used  at  nines  commonly  has  the  renewable 
part  of  each  jaw  made  of  one  casting  instead  of  two  as  repre- 
sented   in  the    figure.     The  distance  between    the    two   jaws, 

FlQ.  61J. 


I.  Main  fraiDe,  maite  of  cast  steel, 
^  Cap  of  bearing  of  movable  jaw. 
|.  Cap  of    bearing    of    encnniric 

shaft. 
I.  Cheek, 
i.  Movable  jaw. 
'.  Wedge  for  movable  jaw. 
I.  8,  8.  Toggle  cusbions. 
1.  Pitman. 
I.  Bras^  bash. 
:.  Cover  of  oil  boi. 
:.  Replaceable  plate  of    movable 

jaw. 


A.  Eiccntric  shaft. 
1(.  Drawback  lod, 
V.  AdJQ sting  nut. 

D.  Cotter. 

E.  Bolt  of  drawback  rod. 
K.  Spring  of  drawback  rod. 
G.  Cotter  bolts. 


and  consequently  the  fineness  of  the  product,  can  be  regulated 
by  raising  or  lowering  the  wedge-piece  on  the  right-hand 
aide  of  the  figure,  or  by  inserting  other  toggle-plates. 

The  Blake  rook-breaker,  with  the  improvements  introduced  by 
Marsdeo,  is  made  in  various  sizes,  so  as  to  take  stones  as  large  as 
,14  inches  by  18  inches;  the  smallest  machine  is  10  inches  by  8 
inches  in  the  month. 

Various  similar  machines  are  in  the  market.     Baxter  claims 
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that  he  produces  fewer  small  chips  and  less  dust — matters  of 
importance  in  making  road-metal — by  his  so-called  ^'  knapping- 
motion."  Marsden  has  a  breaker  with  what  he  calls  a  ^'  lever 
motion,"  in  which  the  toggle-plate  moving  the  jaw  forwards  is 
impelled  by  a  bent  lever  worked  by  crank.  Hall  has  two 
movable  jaws  placed  side  by  side  which  act  alternately ;  as  all 
the  parts  are  balanced,  less  power  is  said  to  be  required  to  drive 
it.  Lester's  machine  is  very  simple,  as  the  moving  jaw  is  driven 
directly  by  the  pitman  without  the  intervention  of  any  toggle- 
plates. 

For  crushing  to  finer  sizes,  Marsden  has  an  ingenious  pul- 
veriser. It  resembles  his  stone-breaker  by  having  two  jaws,  one 
fixed  and  the  other  movable,  but  the  moving  jaw  has  a  rubbing 
as  well  as  a  squeezing  action.  The  machine  is  supplied  with  a 
sieve,  so  that  any  part  of  the  product  not  fine  enough  for  use  is 
returned  automatically  so  as  to  be  recrushed. 

The  Dodge  crusher  (Fig.  614)  diflFers  from  those  just  described 
in  having  the  moving  jaw  pivoted  below  instead  of  above. 
Consequently  the  effect  of  the  stroke  is  felt  most  at  the  top. 
One  object  of  this  arrangement  is  to  obtain  a  more  uniform 
product  than  is  possible  with  a  constantly  varying  discharge 
orifice,  like  that  of  the  Blake  breaker. 

The  Blake  rock-breaker,  as  improved  by  Hadfield  and  Jack,  is 
shown  in  Fig.  615,  reproduced  by  permission  of  Hadfield's  Steel 
Foundry  Co.,  Limited,  of  Sheffield. 

Ik  Breakers  with  Oyratory  Action. — As  an  example  of  a 
machine  with  gyi-atory  action,  Hadfield  and  Jack's  patent 
Heclon's  breaker  (Fig.  616)  may  be  taken.  It  consists  of  an 
outer  conical  cup  lined  with  manganese  steel  O  O,  and  an  inner 
conical  centre  R  fitted  with  a  mantle  S  of  the  same  metal.  The 
inner  cone  hangs  from  the  ball  P  which  is  carried  by  the  central 
shaft  I.  This  shaft  is  provided  with  an  excentric  G',  which 
revolves  inside  the  hollow  shaft  T,  when  the  driving  pulley  J 
sets  in  motion  the  pinion  H  and  the  bevel  wheel  G.  The 
revolution  of  the  excentric  causes  the  hollow  shaft  T,  and  with 
it  the  conical  centre  R  S,  to  be  constantly  approaching  or 
receding  from  the  outer  cone.  Stones  lying  between  the  two 
cones  are  consequently  cracked,  and  the  pieces  which  are  fine 
enough  fall  down  on  to  the  slopping  bottom  shell  A  Z^  A.  The 
motion  of  the  shaft  T  and  inner  cone  will  be  easily  understood 
by  holding  up  the  end  of  a  pencil-point  downwards,  between  the 
forefinger  and  thumb  of  the  left  hand^  and  then  making  the 
point  describe  a  circle  upon  a  piece  of  paper  lying  horizontally 
without  any  revolution  of  the  axis  of  the  pencil.  This  is  what 
is  meant  by  the  makers  of  these  conical  breakers  when  they  speak 
of  the  motion  of  the  cone  as  ^*  gyratory  "  or  say  that  the  cone 
"  gyrates  " 

The   Gates  breaker  is  another   prominent  exiimple   of   the 
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A.  Bottom  islietl. 

R.  BottoTU  plate. 

U.  Sleeve. 

D.  Worm-wheel  hoi. 

E.  Worm  wheel. 
K.  Worm. 

(i.  BkvcI  wheel. 

H.  Bevel  pinion. 

J.  Belt  pullej. 

K,  Break  pin  hub. 

li.  Dost  cap. 

M.  Hopper  and  Hpycr. 

N.  Top  shell. 

O.  Concave   of   Hadfield's 

manftanese  Bteel. 

P.  Ball  bearing. 

Q.  Holding-down  washer. 

K.  Cast-steel  centre. 

S.  Hantle    of    Hadfleld's 

man^nese  steel. 

T,  HoUow  shaft. 


1   V.    Dust  ring. 
I   W.  Ring  rut. 

X.    Bearing  Cor  cuunlershaft. 

Y.    Bearing  cap. 
,   A'.  Countershaft  wearing  ring. 
I   S'.  Dust  collar. 

T'    Cast-steel centreforwliite-nietal 

!   Z'.    Hadlleld'8    patent    manganese 

steel  wearing  plates. 
I      I.  Central  shaft. 

a.  Tightening  screw. 
'     3.  Counter  shaft. 

4.  Spider  bolts. 
I     5.  Mid-joint  bolls. 

6.  Main-shaft  wearing  ring. 

7.  Nuls  for  bearings. 

I     8.  Wroiight-iron  dust  door. 
:o.  CaBt-st«et  top  hnsh. 
11,  White -metal  bush. 
u.  Ball  socket. 
ij.  Breaking  pin, 
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gyratoiy  class.  It  consists  of  an  outer  conical  shell  Q  {Vig.  617) 
lineJ  with  removable  plates  E,  around  which  travelK  the  conical 
breaking  head  F  carried  by  the  upright  spindle  G  ;  both  E  nnd 
F  are  made  o(  chilled  cast-iron.  The  lower  end  of  the  spindle  G 
fits  loosely  in  the  escentric  box  D,  and  ie  a  little  out  of  the 
centre ;  it  is  supported  by  the  step  P,  which  can  be  raised  or 
lowered  by  the  screw  8,  in  order  to  regulate  the  distance 
between  the  breaking  head  and  the  shell,  and  consequently  the 

Fio.  6:7. 


fineness  oE  tlie  crushed  product.  The  upper  end  of  the  spindle 
G  lies  loosely  in  a  socket  in  the  top  framing  C.  The  belt-pulley 
T  U  is  loose  upon  the  shaft  X,  and  it  drives  it  by  means  of  the 
clutch  V,  firmly  keyed  to  X,  and  the  pin  W.  In  case  of  any 
undue  strain,  the  pin  W  breaks  and  prevents  damage,  for  the 
machine  at  once  stops  until  the  obsti'uction  is  removed  and  a 
new  pin  has  been  inserted.  The  bevel  pinion  upon  X  drives 
the  bevel  wheel  L  with  its  excentric  box ;  when  L  revolves,  the 
lower  end  of  G  is  carried  round  excentrically,  whilst  the  top 
moves  in  its  socket.  The  breaking  head  is  thus  made  to 
approach  and  recede  from  each  part  of  the  shell  in  succession, 
producing  practically  the  same  effect  as  the  reciprocating  jaw  of 
the  Blake  machine.     The  loose  collar  I  serves  to  keep  out  dust, 
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and  it  has  a  hole  J,  through  which  the  machine  is  oiled ;  N  N 
are  holes  for  conveying  oil  to  the  space  Y.  The  material  to  be 
crushed  is  fed  in  through  three  large  openings  in  the  top  frame ; 
it  falls  between  E  and  F,  is  crushed  by  the  movement  of  the 
breaking  head  and  drops  through  at  Q  Q  on  to  an  inclined  apron, 
whence  it  slides  into  any  convenient  bin  or  receptacle. 

c.  Stamps. — Though  used  at  mines  since  the  year  15 19, 
stamps  still  hold  their  own  in  spite  of  many  competing  forms  of 
crushing  machinery.  The  simplest  mode  of  describing  stamps 
is  to  say  that  they  are  pestles  worked  by  machinery  in  large 
mortars.  In  most  instances  the  blow  of  the  pestle  is  caused  by 
its  mere  weighty  sometimes  a  spring  is  added,  and  occasionally 
the  action  of  gravity  is  aided  by  compressed  air,  or  by  steam 
pressure.     We  thus  have  four  kinds  of  stamps : — 


a.  Gravitation  stamps. 
/9.  Stamps  with  spring. 


7.  Compressed  air  stamps, 
d.  Steam-hammer  stamps, 


A  little  study  of  the  accompanying  figures  (617--621)  of  a 
wooden-frame  lo-stamp  battery  will  explain  the  most  important 
characteristics  of  a  modern  stamp-battery. 

a.  Gravitation  Stamps. — A  A  (Fig.  618)  are  blocks  of  timber 
forming  the  solid  foundation,  which  is  required  on  account  of  the 
heavy  pounding  action  of  the  machinery ;  B  B,  the  transverse 
sills,  with  the  battery-posts  C  C,  the  braces  E  and  the  tie-timbers 
D  D  form  the  framework  holding  the  mortar  or  battery-box  F, 
in  which  the  mineral  is  pounded  by  any  one  of  the  five  stamps 
moving  up  and  down  in  it.  G  is  a  perforated  plate  or  screen 
which  prevents  the  mineral  from  leaving  the  mortar  until  it  has 
been  brought  down  to  the  required  degree  of  fineness.  H  is  the 
shaft  carrying  cams,  which  lift  the  stems  by  tappets ;  K  K  are 
the  ends  of  the  stems  or  lifters  of  the  stamps  proper ;  L  is  the 
pulley  through  which  motion  is  transmitted  to  the  cam  shaft  by 
the  belt  upon  the  driving  pulley  M.  N  is  the  gear  by  means  of 
which  the  driving  belt  can  be  tightened. 

Each  stamp  proper,  K  K,  consists  of  a  turned  rod  of  iron 
with  tapering  ends,  either  of  which  will  fit  into  a  corresponding 
hole  in  a  cast-iron  cylinder  known  as  the  "  head  "  (Figs.  619  and 
622).  The  conical  hole  or  socket  in  the  bottom  of  the  head 
receives  the  shank  of  the  "  shoe,"  which  is  made  of  cast  iron, 
cast  steel,  or  forged  steel.  When  worn  the  shoe  can  be  removed 
from  the  head  by  driving  a  steel  key  into  a  slot  above  it 
(Fig.  622),  and  the  stem  or  lifter  is  extracted  in  a  similar 
manner  by  means  of  a  second  slot  at  right  angles  to  the  first. 

The  mortar  is  shown  in  a  larger  scale  in  Fig.  619.  It  is  a 
cast-iron  box  with  an  opening  E  at  the  back  for  feeding,  and  one 
in  front,  into  which  is  wedged  the  frame  F  of  the  screen.  Some- 
times there  is  a  screen  behind  as  well  as  one  in  front,  or  screens 
at  both  ends  as  well  as  at  the  two  sides. 
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Fi};.  610  represent  the  tappet^  a  hollow  cj'linder  of  cost  iron, 
which  is  fiistened  to  the  lifter  by  steel  keys  niid  a.  jib.  The  jib 
is  a  piece  of  wrought  iron  fitting  the  cinveJ  -surfiice  of  the  lifter 


Hnil  capable  of  being  jammed  against  it  tightly  when  steel  keys 
are  driven  into  three  boles  in  the  tappet.  As  the  shaft  H 
revolves,  the  cams  (Fi^.  610)  lift  the  tappets,  and  at  the  same 


time  CHUse  a  slight  rotation  of  the  RtAmp,  which  conduces  to 
regular  and  even  wear. 

The  head  B,  with  its  shoe  C  (Fig.  619),  drops  upon  a  cylinder 
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o(  the  same  or  some  Hofter  metal  known  as  the  die,  and  it  is 
between  C  and  D  that  the  mineral  is  pulverised.  T.  A.  Rickard 
recommends  the  use  of  chrome- steel  slines  with  manganese -steel . 
dies.  Both  shoe  and  die  wear  awuy  and  have  to  be  changed.  I'he 
worn  shoe  and  die  (Fig.  623)were  reckoned  to  have  stamped  150 
tons  o[  gold  quartz  at  the  Morgan  mine.  North  Wales,  before 
disuse  ;  they  were  made  of  forged  steel.  The  order  in  whiuh  the 
head.s  drop  is  vaiions  ;  the  object  is  to  make  each  heiul  do  its  fair 
share  of  work,  Egleston  mentions 
six  different  orders  of  dropping 
which  are  in  use,  and  this  shows 
how  much  opinions  are  divided 
on  the  subject.  Among  them  may 
be    mentioned    i,    4,   z,    5,    3,   and 


Kio.  623- 
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4,   3- 


The  -screens  through  which  the 
pulverised  mineral  ha.s  to  pass  are 
made  of  punched  iron,  steel,  op 
copper  plates,  and  occasionally  of 
wire  gauze.  The  holes  are  round, 
or  in  the  form  of  long  narrow  slots. 
The  size  oF  the  holes  is  better 
expres.so<l  by  their  actual  dimension 
than  by  their  number  per  linear 
inch  or  centimetre. 

The  total  weight  of  each  stamp 
when  new,  that  is  to  ^<ay,  stem,  head, 
and  shoe,  varies  from  450  to  1350 
lbs. ;  weights  of  800  lbs.  are  common. 
The  precise  height  and  number  of 
the  di'ops  are  further  points  requir- 
ing consideration  ;  the  height  varies 
generally  from  6  to  1 2  inches,  and 

there  are  70  to  100  drops  per  minute.  Ore  may  be  stamped 
dry  or  wet ;  in  the  latter  case,  water  constantly  flowing  into  the 
mortar-box  carries  off  the  mineral  through  the  screens  in  the 
form  of  a  muddy  stream  known  as  "  pulp."  It  is  estimated 
that  the  quantity  of  water  used  in  wet  stamping  is  from  j^  to  ^ 
cubic  foot  per  stamp  per  minute,  or  200  to  300  cubic  feet  per 
ton  of  rock  stamped. 

The  quantity  stamped  per  head  per  day  must  necessarily  vary 
within  very  wide  limits  (ordinarily  from  i  to  5  tons),  acconling 
to  the  weight  ot  the  stamps,  the  nature  of  the  stone  treated,  and 
the  degree  of  fineness  desire*!.  On  the  Rand  it  is  reckoned 
that  each  he:id  will  stamp  4  tons  per  24  hours. 

Regular  feeding  is  ot  much  importance,  and  several  automatic 
arrangements  can  be  applied  to  the  battery  for  securing  the 
desired  result.     Most  frequently  a  tappet  upon  one  of  the  steins 
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comes  into  play  when  the  stamp  has  a  longer  drop  than  usual, 
owing  to  want  of  ore  under  it,  and  strikes  a  lever  which  brings 
the  ore-feeding  contrivance  into  action. 

Details  of  the  construction  and  duty  of  stamps  are  given 
in  the  special  treatises  to  which  reference  is  made  in  the 
Bibliography  at  the  end  of  this  chapter.  The  following  are 
examples : — At  the  Simmer  and  Jack  mine,  Johannesburg, 
the  weight  of  stamp  is  1144  lbs.,  the  length  of  drop  7^  inches, 
the  number  of  drops  per  minute  97,  and  the  indicated  horse- 
power of  engine  per  stamp  2*9.  The  mill  uses  screens  with  700 
holes  per  square  inch,  and  stamps  5*32  tons  per  24  hours 
per  stamp.  At  the  Homestake  mine,  in  Dakota,  the  length 
of  drop  is  8  to  9^  inches,  the  number  of  drops  per  minute  85  to 
90,  and  the  weight  850  to  900  lbs.  At  Ballarat,  Victoria,  the 
drop  is  7  to  10  inches,  the  speed  50  to  85  drops  per  minute,  and 
the  weight  448  to  952  lbs. 

fi.  Spring  Stamps, — These  are  but  little  used.  Patterson's 
"  Elephant "  stamps  belong  to  this  class :  the  object  of  the 
inventor  was  to  secure  a  stronger  and  quicker  blow  than  would 
be  given  by  a  mere  fall,  and  so  enable  a  small  machine  to  do 
more  work  than  would  be  possible  if  gravitation  were  acting 
alone.  The  stamp  is  worked  by  a  crank,  and  interposed  between 
the  striking  head  and  the  connecting  rod  there  is  a  strong 
spring  which  assists  by  its  recoil  and  allows  for  the  varying 
height  of  the  ore  in  the  battery-box. 

y.  Compressed-air  Stamps, — Husband's  pneumatic  stamps 
were  designed  with  the  same  intention,  viz.,  a  quicker  and  a 
harder  blow.  The  stem  or  lifter  of  the  stamp  is  attached  to  a 
piston  working  in  a  cylinder  which  is  lifted  rapidly  up  and  down 
by  a  crank.  There  are  holes  in  the  cylinder  which  allow  the  air 
to  escape  during  the  middle  of  the  stroke,  but  after  it  has  been 
raised  beyond  a  certain  point,  the  air  below  the  piston  becomes 
compressed  and  the  stamp  is  lifted.  The  cylinder  in  its  down- 
ward course  travels  quicker  than  the  stamp  would  fall,  and 
compressing  the  air  above  the  piston  helps  to  drive  it  down  and 
with  it  the  stamp  ;  it  thus  increases  the  force  of  the  blows, 
which  can  be  given  at  the  rate  of  140  per  minute.  Though 
good  results  have  been  obtained  in  some  cases,  these  stamps 
have  not  made  their  way  into  general  use,  for  mining  engineers 
seem  to  consider  that  the  simplicity  of  the  ordinary  stamps,  and 
the  ease  with  which  any  flight  defects  can  be  repaired,  make  up 
for  the  disadvantages  which  Husband  tried  to  remedy. 

5.  High-speed  Stamps. — Satisfactory  results  have  been  ob- 
tained with  Morison's  high-speed  stamps  at  the  Meyer  and 
Charlton  mill  on  the  Rand.  Five  i6oo-lb.  heads  have  been 
in  operation  since  July  1903,  the  output  being  9  tons  per  head 
per  day.  Motion  is  communicated  to  the  stamps  by  means  of  a 
crank,  and  there  is  a  hydraulic  buff er  between  the  moving  parts. 
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t.  Steam-hammer  Stamps. — We  now,  lastly,  come  to  the  ateam- 
haramer  stamp,  which  has  proved  a  most  efficient  macfaine  at 
the  Lake  Superior  mines  for  the  treatment  of  rock  containing 
native  copper.     The  first  stamps  of  this  kind  were  constructed 


1  then  great  improvements  have  been 


hy  BiUl  ill  1856;  s 
made,  and  the  pre- 
sent Leavitt  stamp  ^lO'  ^^• 
will  crush  250  to  300 
tons  of  copper-bear- 
ing rock  in  24  hours. 
The  Ball  stamp 
(Fig.  624)  consists 
of  a  vertical  steam- 
cylinder,  0,  with 
the  stamping  head 
attached  to  the 
piston-rod.        The 

designated  as  fol- 
lows : — D,  cast  iron 
die;  E,  cast-iron 
shoe  ;  F,  frame  of 
mortar ;  G  G,  grates 
of  pimcbed  sheet- 
steel  ;  HU, cast-iron 
head  posts;  L,  cast- 
iron  sills  or  girders; 
M,  cast-iron  mortar; 
P,  pulley  by  which 
the  valve  is  driven  ; 
R  R,  cross  sills  ;  S, 
shoot  supplying  the 
ore ;      T  T,     spring 

timbers  ;  U,  "  urn  "  Sc*Lt 

or  cistern  supplying  f'  10                ,    j    .        .    .    ?   .    .            f^twr 
water  ;    V  V,    cast- 
iron    lining    plates,  >*'     f*    °  I ! 2 ?"""" 

resting  upon  a  cast- 
iron  ring  surrounding  the  die  ;  Y,  pulley  by  which  the  stamp  is 
rotated. 

The  slide-valve  is  worked  from  the  pulley  P  by  the  elliptical 
spur-wheels  in<1icated  by  the  dotted  lines ;  the  valve  is  opened 
fully  for  making  the  down-stroke,  and  the  pressure  of  the  steam 
greatly  increases  tlie  blow  due  to  gravity,  but  for  making  the 
up-stroke  the  steam  is  admitted  sharply,  and  in  just  sufficient 
quantity  to  lift  the  head. 

The  peculiarity  of  the  Leavitt  stamp  lies  in  the  differential 
steam -cylinder  (Fig.  625).     There  are  two  cylinders,  one  above 
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the  other  :  a  large  one  A  with  a  piston  B,  above  a  nmall  one  C 

with  a  piston  I>.     Steam  is  admitted  on  to  the  top  of  piston  B 

through  the  valve  at  E,  and  is  exhausted  through  a  valve  at  F 

into  the  condenser.      The    space  under  the  piston  D  in   the 

cylinder  C  as  well  as  the  annular  space  O  is  filled  with  steam 

admitted  tlirough  the  opening  H,  and  kept  by  a  regulator  at  a 

uniform  pressure  sufGcient  to  raise  the  stamp.     The  stamp  is 

thus  lifted  by  the  lower   piston,    and   is 

FiQ.  635,  forced  down  by  the  large  upper  one  against 

the  constant  pressure  exerted  by  the  lower. 

The  valves   regulating  the  admission  of 

the    steam   and   the   exhaust   valves  are 

worked  by  cams  upon  a  shaft  driven  by 

a  belt  from  some  independent  source  of 

power.     The  cams  which  open  the  steam 

and   close   the    exhaust  valves  are  fixed, 

but  the   cams  which  close  the  admission 

of   steam    and    open  the  esbaust  can  be 

adjusted  at  pleasure. 

The  moving  parts  of  each  steam  stamp 
at  the  Baltic  mine  weigh  about  2|  tons. 
The  number  of  blows  is  108  per  minute. 
The  mortar  of  each  stamp  weighs  13  tons, 
and  rests  on  cast  iron  anvil  blocks  weigh- 
ing 87  tons. 

The  tendency  seems  to  be  to  build 
more  and  more  powerful  steam -ham  mer 
stamps.  The  four  Hordberg  steam  stamps  at  the  Baltic 
mine  are  each  capable  in  twenty-four  hours  of  stamping  500  tons 
of  Lake  Superior  copper- bearing  rock  sufficiently  fine  to  pass 
through  a  grate  with  holes  ^  inch  in  diameter.  Difficulties 
connected  with  amalgamation  have  probably  hindered  the  adop- 
tion of  the  steam-hammer  stamp  for  the  treatment  of  gold  ores, 
but  the  small  two-head  Tremain  battery  capable  of  crushing  5  to 
10  tons  per  twenty-four  hours  has  been  used  in  new  districts. 
It  has  the  advantage  that,  if  the  yield  of  a  deposit  does  not 
prove  satisfactory,  it  can  be  readily  shifted  and  set  up  elsewheire. 
d.  Rolla.— Rolls  were  introduce<l  into  the  west  of  England  in 
the  early  part  of  the  last  century  to  replace  bucking  by  hand. 
They  are  a  pair  of  smooth,  fiuted,  or  toothed  cylinders,  made  of 
cast  iron  or  steel,  which  revolve  in  opposite  directions,  and  crush 
any  stone  which  is  allowed  to  fall  between  them. 

The  cylinders  or  rolls  are  generally  from  I  foot  to  3  feet  in  dia- 
meter, and  1  foot  to  3  feet  wide;  they  are  kept  pressed  together 
by  levers  or  springs.  For  crushing  ores,  the  diameter  of  the 
roll  is  generally  from  two  to  three  times  its  width. 

The  original  form  of  crushing  rolls,  and  one  still  largely  used 
in  (ireat  Britain,  is  represented  in  Fig.  6^6,  in  which  the  letters 
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have  the  following  meanings  :  G,  hopper,  into  which  the  ore  is 
shovelled  from  the  floor,  H  H  ;  A  B,  the  two  cylinders  or  rolls 
shown  on  a  larger  scale  in  Fig.  627.  The  roll  IJ  has  plummer- 
blocks  which  can  slide  along  a  bed-plate,  and  so  allow  the  opening 
between  it  and  the  roll  A  to  be  increased  or  diminished  ;  C  is  a 
bent  lever,  to  one  end  of  which  is  attached  a  weighted  box,  whilst 
the  other  constantly  presses  a  pin  against  the  plummer-block 
of  B  ;  the  crushed  rock  after  leaving  the  rolls  falls  into  a 
revolving  cylindrical  sieve.  All  that  fails  to  pass  through  the 
sieve  drops  into  the  "  raff- wheel  '*  E,  which  has  buckets  on  the 
face  turned  towards  the   crusher ;    these  carry  up  the  coarse 
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fragments  as  the  wheel  revolves  and  tip  them  on  to  a  sloping 
apron  F,  whence  they  fall  again  into  the  hopper  G  to  undergo  a 
further  crushing. 

One  end  of  the  shaft  of  the  roll  A  is  coupled  to  the  main 
driving  shaft  of  the  machine,  which  carries  the  raff- wheel ;  the 
other  end  has  a  cog-wheel  which  gears  into  a  similar  one  on  the 
shaft  of  B,  and  so  drives  it.  The  inclined  sieve  is  driven  from 
the  shaft  of  A  by  means  of  bevel  gearing. 

An  improved  form  of  the  Coraish  rolls  was  introduced  in 

1885  ^y  Krom,  and  is  very  largely  used.     His  improvements 

are :  Steel  tires,  pulley  gearing,  housing  to  enclose  the  rollers, 

swinging  pillow-blocks,  tie-bolts  to   take  the  crushing  strain, 

and  hopper  for  automatically  ensuring  a  regular  feed. 

The  tires  (Fig.  628)  are  made  of  mild  forged  steel,  and  are 
held  by  two  cores  in  the  form  of  truncated  cones.     One  of  the 
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a  shrunk  firmly  on  to  the  main  shaft,  the  other  is  split  on 
one    side,    but    when    drawn   in 
IJG  628  towards   its   fellow    by    bolts,   it 

gi'ips  the  shtift  very  tightly,  and 
at  the  same  time  fastens  the  tire 
securely.  The  main  shaft  (Fig. 
629)  is  driven  by  a  pulley,  indi- 
cated by  the  dotted  line,  revolving 
at  the  rate  of  80  to  too  times  a. 
minute  ;  the  other  shaft  is  driven 
at  the  same  speed,  but  in  the 
opposite  direction,  by  crossing  the 
driving  belt  of  the  euialler  pulley. 
The  bearing  of  the  shaft  of  the 
movable  roll  is  carried  by  a 
swinging  pillow  -  block  pivoted 
underneath,  and  tied  by  two 
rods  and  nuts  to  two  nests  of 
spiral  springs  held  compressed  to  some  15  tons  by  small  bolts ; 
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the  nests  are  rigid  till  this  stress  is  exceeded.  The  upper  part 
of  the  figui-e  represents  the  bottom  of  the  hopper  and  the 
oscillating  feed-tray. 

Actual  experience  extended  over  a  considerable  time  has 
proved  that  a  pair  of  Krom  rolls  at  the  Bertrand  mill,  in  Nevada, 
will  crush  150  tons  of  quartzose  silver  ore  in  24  hours,  so  as  to 
pass  through  a  screen  with  16  holes  to  the  linear  inch.  These 
machines  are  chiefly  used  for  dry  crushing.  Less  fine  dust  is 
produced  with  these  rolls  than  with  stamps,  a  matter  of  import- 
ance, owing  to  the  losses  in  dressing  or  lixiviation  when  there  is 
a  large  proportion  of  slime. 

Fluted  rolls  are  used  in  crushing  rock-salt,  and  toothed  rolls 
are  used  for  breaking  comparatively  soft  minerals  such  as  phos- 
phate, rock-salt,  or  gypsum,  and  even  hard  stone  for  road-metal. 
Some  of  the  rolls  for  rock-salt  are  made  of  toothed  rings  threaded 
upon  a  shaft,  and  the  two  rolls  ai'e  arranged  so  that  the  teeth 
of  one  lie  between  those  of  the  other. 

For  the  magnetic  separation  process  employed  at  the  Dunder- 
land  iron  ore  mines  in  Norway,  the  ore  is  first  crushed  in  six 
sets  of  rolls,  the  first  set  being  7  feet  in  diameter  and  7  feet  wide, 
whilst  the  other  sets  are  5  feet  in  diameter  and  3  feet  wide. 
These  rolls  reduce  the  rock  from  pieces  up  to  8  tons  to  i  inch 
cubes.  The  crushed  material  then  passes  to  line  grinding  rolls, 
and  thence  to  the  magnetic  separators.  The  huge  rolls  do  not 
crush  by  pressure,  but  are  really  revolving  impact-breakers. 
The  surfaces  of  the  rolls  are  studded  with  protuberances. 

e.  Hills. — The  term  "mill"  has  a  very  vague  signification 
among  miners ;  all  sorts  of  machines  employed  in  crushing  and 
grinding  are  commonly  known  as  mills.  It  is  proposed  to  re- 
strict the  term  to  grinders,  in  which  the  working  parts  consist  of 
flat  or  approximately  flat  surfaces,  one  of  which  revolves.  They 
are  called  into  requisition  for  reducing  a  mineral  to  a  fine  state 
of  division. 

The  typical  mill  of  this  class  is  the  well-known  flour  mill,  made 
of  two  horizontal  cylindrical  stones,  one  fixed,  the  other  revolv- 
ing ;  sometimes  it  is  the  lower  stone  that  is  fixed,  sometimes  the 
upper.  Mills  of  this  kind  serve  to  grind  barytes  and  fertilisers. 
The  stones  are  generally  the  French  burr,  and  have  to  be 
dressed  from  time  to  time  as  they  wear.  The  mineral  is  fed  in 
at  the  centre,  and  is  discharged  at  the  circumference.  Instead 
of  one  top-stone,  there  may  be  several  separate  pieces;  this 
combination  forms  the  "  arrastra "  employed  for  grinding  and 
amalgamation. 

When  the  mill  is  made  of  iron,  with  iron  or  steel  replaceable 
wearing  parts,  it  is  generally  called  a  '^  pan  " ;  like  the  arrastra, 
it  sei'ves  for  fine  grinding  and  amalgamating. 

Millstones  need  not  necessarily  be  arranged  horizontally  ;  the 
first  grinding  of  phosphate  of  lime  is  sometimes  done  by  a  stone 
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Bet  vertically,  the  moving  stone  being  fixed  upon  a  horizontal 

/.  Edge-runnera. — The  eilge-iunner  is  a  cylinder  turning  upon 
A  horizontal  axis  which  is  made  to  revolve  around  a  vertical  axis. 
In  its  simpleNt  foim  it  in  a  large  stone  wheel,  the  horizontal 
axis  of  which  is  drawn  round  an  iiprijfht  poat  by  a  mule.  The 
stone  crushes  by  tt.s  weight,  and  as  it  has  to  slide  a  little  in 
order  to  keep  its  circular  puth  upon  the  bed,  there  ia  also  a 
rubbing  action.  This  primitive  form  of  edge-runner,  known  as 
the  Chilian  mill,  is  employed  in  crushing  and  amalgamating  gold 

Fia.  630. 


and  silver  ores.  It  is  better  to  have  two  of  the  upright  wheels 
at  opposite  ends  of  the  horizontal  axis,  as  then  the  machine  will 
work  more  amootbly  (Fig.  630).  Each  wheel  is  made  of  a  strong 
tire  ot  chilled  caat-iron  wedg*l  to  a  centre-piece  of  ordinary 
cast-iron, and  the  bed  is  composed  of  sectors  of  chilled  cast-iron, 
which  can  be  changed  when  they  are  worn.  The  driving  gear 
may  be  above  or  below. 

;/.  Ball -grinders.— In  machines  of  this  class  the  mineral  is 
pulverised  by  its  contact  with  a  number  ot  cast-iron  balls,  which 
are  constantly  rolling  against  each  other  when  the  case  contain- 
ing them  revolves. 

The  ingenious  Grusonwerk  ball -grinder  (Figs.  631  and  63a), 
made  by  Krupp,  has  a  continuous  feed  and  discharge.     It  coa- 
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sista  of  a  horizontal  iron  cylinder  provided  with  several  curved 
plates  a  a,  which  carry  a  number  of  steel  balls.  The  stuff  which 
is  fed  in  by  the  hopper  h  falls  among  the  balls  and  is  ground  by 
their  rubbing  and  impact.     During  each  revolution  of  the  drum, 


they  drop  five  times  as  they  come  to  the  edges  of  the  platen. 
The  ground  mineral  passes  through  holes  in  the  curved  plates 
a  a,  and  in  the  cylindrical  sieve  e  made  of  punched  steel  plate ; 
it  now  meets  with  the  fine  wire  gauie  sieve  d,  which  lets  through 
all  that  is  sufficiently  pulverised  into  the  hopper  s,  whence  it 
can  be  drawn  off  at  pleasure.     The  object  of  the  punched  steel 
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sieve  ci8  to  prevent  the  unnecessary  wear  of  the  fine  wire  gauze, 
which  would  naturally  suffer  if  it  were  exposed  to  the  rubhing 
of  coarse  particles.  The  stuff  wliich  is  too  coarse  to  pass 
through  the  fine  outer  sieve  d  is  collected  by  plates  /  and  led 
back  into  the  inside  of  the  drum,  where  it  is  again  exposed  to 
the  grinding  action  of  the  balls ;  b  h  are  lining  plates  to  prevent 
the  wear  of  the  ends  of  the  cylindM* ;  1 1  and  i  denote  bars  clos- 
ing a  manhole  which  can  be  opened  after  the  removal  of  the 
sheet-iron  casing  surrounding  the  whole  machine. 

The  ball-grinder  made  by  F.  L.  Smidth  of  Copenhagen  has  a 
conical  sieve  of  punched  steel -plate  so  arranged  that  the  coarse 
residue  returns  to  the  centre  of  the  grinder,  where  it  passes  in 
again  with  the  new  material. 

h.  Tube  Mills. — For  a  number  of  years  past  small  machines 
of  the  type  known  as  tube  mills,  grit  mills,  or  flint  mills, 
borrowed  from  the  cement  industry,  have  been  used  for  regrind- 
ing  sand  or  tailings  at  tin  mines.  Recently  an  enlarged  form 
of  this  mill  has  been  adopted  in  Western  Australia  and  in  South 
Africa  for  the  fine  grinding  of  stamped  gold  ore.  The  machine 
consists  of  a  steel  tube  about  25  feet  long  and  5  feet  in  diameter, 
fitted  with  a  chilled-iron  or  quartzite  lining.  The  ends  are  closed 
by  cast-steel  discs  with  hollow  trunnions  which  serve  as  bearings, 
as  entrance  for  the  ore,  and  as  discharge  for  the  ground  ore.  At 
the  feed  end  is  a  large  spur-wheel  into  which  gears  a  belt-driven 
pinion.  The  grinding  is  effected  by  the  action  of  water-worn, 
rounded  flint  pebbles,  of  which  a  charge  of  9  to  11  tons  is  intro- 
duced through  a  manhole.  The  largest  flints  are  about  4  inches 
in  diameter  and  the  smallest  the  size  of  a  pigeon's  egg.  The 
drum  revolves  at  a  speed  of  twenty-nine  revolutions  per  minute. 
The  power  required  to  start  is  40  indicated  horse-power,  and  to 
keep  the  drum  revolving  20  indicated  horse-power.  The  out- 
put depends  on  the  kind  of  material  treated,  on  the  fineness  to 
which  it  has  to  be  reduced,  and  on  the  initial  size  of  grain 
obtained  by  the  preliminary  stamping. 

t.  DiBintegrators. — Though  any  reduction  of  a  mineral  into 
fragments  or  powder  may  be  spoken  of  as  "  disintegration,"  the 
word  disintegrator  has  been  appropriated  by  the  grinders  which 
do  their  work  with  revolving  bars  or  beaters.  The  best-known 
machine  of  this  class  is  Carr's  disintegrator  (Fig.  633).  It  may 
be  described  as  consisting  of  two  cylindrical  cages,  revolving  one 
inside  the  other  in  opposite  directions.  Each  cage  is  made  up 
of  two  concentric  sets  of  bars,  attached  to  a  disc  on  one  side  and 
to  a  ring  on  the  other.  The  stuff  which  is  fed  into  the  centre  is 
thrown  by  the  bars  a  a  of  the  cage  X,  against  the  bars  b  b  ol 
the  cage  Y ;  thence  it  flies  against  the  outer  circle  of  bars  c  r  of 
X,  and  finally  against  the  outer  circle  of  bars  d  d  of  the  cage  Y. 
It  then  enters  the  circumferential  space  e^  whence  it  can  be 
allowed  to  escape  by  a  suitable  opening  in  the  outer  casing  /. 
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It  is  claimed  for  this  machine  that  some  of  the  pulverising  is 
done  by  the  impact  of  the  particles  one  against  the  other,  and 
that  consequently  the  wear  of  the  steel  bars  is  less  than  might 
be  expected.  However,  the  disintegrator  is  found  most  fitted  for 
comparatively  soft  materials,  such  as  coal,  gypsum,  phosphates, 
and  rock-salt. 

Instead  of  being  arranged  in  the  form  of  concentric  circles  in 


Fig.  633. 


MCTMI 


INS  .r-x"-^ 


-i  ^cct 


this  cage-like  manner,  the  beaters  are  sometimes  radial,  and, 
when  revolving  at  a  very  high  speed,  quickly  reduce  soft  minerals 
to  powder. 

.;'.  Conical  Grinders. — In  these  grinders  the  crushing  action  is 
usually  produced  by  the  revolution  of  a  toothed  cone  inside  a 
toothed  cup;  they  thus  resemble  in  principle  the  old-fashioned 
coffee-mill. 

k.  Centrifug'al  Grinders. — There  are  several  grinding  machines 
in  which  a  roller  is  whirled  round  upon  the  inside  of  a  cylinder 
against  which  it  presses  by  centrifugal  force.  The  machine  of 
this  class  most  largely  employed  is  the  Huntington  mill  (Figs. 
634  and  635).  A  vertical  shaft  G,  driven  by  bevel  gearing  from 
below,  carries  a  horizontal  frame,  which  supports  four  grinding 
rollers  by  the  yokes  Y  Y  lying  in  the  pockets  P.  The  yoke 
allows  a  radial  swing  of  the  crushing  roller  against  the  steel  ring 
(Fig.  635)  lining  the  pan  in  which  the  grinding  takes  place. 
The  construction  of  Paxman's  improved  roller  is  shown  by 
Figs.  636  to  638.  R  is  a  steel  ring  which  does  the  actual 
grinding  and  is  renewable  when  worn ;  it  is  fixed  by  wooden 
wedges  W  to  the  core  G,  and  a  sleeve  bolted  on  to  the  core 
receives  the  spindle  S.     From  this  explanation  it  will  be  seen 
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that  the  roller  old  revolve  round  the  spindle  S,  but  that  the 
latter  does  not  turn  upon  its  own  nxis  when  it  is  carried  rouod 
by  the  revolving  frume  supporting  the  jokes.  A,  B,  0,  D  (Fig. 
634)  are  wooden  scrapers  which  force  the  ore  from  the  centi-e  to 
the  cii'cumfereiice  and  so  bring  it  tinder  the  action  of  the  rollei  s. 
It  is  easy  to  understand,  therefore,  that  when  the  shaft  G  levolvea 
the  rollers  are  thrown  out  by  centrifugal  force  against  the  annular 
lining,  and  crush  and  amalgamate  the  ore.  The  stuff  which  is 
pulvei'ised  sufficiently  fine  escapes  through  a  wire-gauze  sieve 

Fig.  6J4. 


placeil  on  the  side  of  the  pan,  just  above  the  lining  ring. 
this  sieve  has  not  to  resist  the  violent  blows  to  which  thi 


of  stamps  are  liable,  it  may  be  made  of  much  finer  material. 
The  (triffin  mill  consists  of  a  single  roller  suspended  from  a 
vertical  axis  and  grinding  on  the  inside  of  a  ring,  the  crushed 
material  being  forced  out  through  an  annular  screen  by  the  air- 
current  produced. 

/.  Pneumatic  or  Aircurrent  PulveriBeti. — In  one  of  these 
pulverisers  it  is  proposed  to  crush  the  mineral  by  driving  the 
particles  violently  againsteach  other  by  means  of  two  ptowerful 
opposite  jets  of  air  or  superheated  steam.  To  use  a  familiar 
illustration,  it  may  be  said  that  stone  bullets  are  fired  from  air- 
giina  against  each  other  with  such  force  that  they  break  into 
powder  upon  meeting.  The  Cyclone  Pulveiiser  is  based  upon 
the  same  idea. 


m.  Hiscellaneoua  FulverUera. — These  at 
it  U  out  of  the  queHtion  even  to  think  of 
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!  SO  numerous  that 


The  ^turtevnnt  mill   bears  some  resemblance  in  its  mode  of 
action  to  the  Cyclone  pulverisers,  inasmuch  as  the  particles  are 


flung  ngainst  each  other  with  great  fores  and  breiik  up  in  mid- 
air, so  to  say.     The  stones  are  projected,  however,  by  centri- 
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fugnl  force  and  not  by  air-currentB.  The  Sturtevant  mill  is 
made  of  two  horiiontftl  hollow  cups  whicli  revolve  at  great  speed 
in  opposite  directions.  The  mineral  is  fed  into  the  interval 
between  the  two  cups,  and  as  fast  as  it  makes  it!)  way  into  one 
of  them,  it  is  hurled  out  again  by  centrifugal  [orce  and  strikes 
other  fragments  which  are  thrown  across  by  the  opposite  cup. 
The  powdered  mineral  is  drawn  off  through  a  screen  by  a  fan. 
Though  the  hurling  cups  are  cylindrical,  the  crushed  rock 
packs  itself  into  the  ends  and  forms  a  conical  sl«ne  Lining 
which  prevents  wear  upon  the  iron  surfaces.  The  Sturtevant 
mill  is  used  in  the  United  States  for  grinding  phosphate  of 
lime. 

The  crushing  machines  in  these  descriptions  have  been 
arranged  according  to  their  modos  of  construction ;  it  will  be 
well  to  point  out  in  conclusion  the  uses  to  which  they  are 
applied,  viz. ; — 

1.  Preliminary  breakiug:  jaw-breakers  and  gyratory  breakers. 

2.  Coar.-e  crusbiog:  rolls. 

3.  Fine  crashing  i   stamps,   rolls,  mills  of  various  descriptions,  and 

disintegmtorg, 

n.  Sawing  Machines— These  are  necessary  in  the  case  of 
stone  and  slate.  The  simplest  machine  is  merely  a  plain  blade 
held  in  a  frame,  moved  backwards  and  forwards  by  a  crank  or 
ezcentric,  whilKt  sand  or  chilled  cast-iron  shot  and  water  are 
supplied  to  aid  the  saw  in  its  cutting  work.  The  wire  saw, 
already  described  In  a  previous  chapter,  ia  employed  for  the 
same  purpose. 

In  the  case  of  slate,  the  work  is  usually  done  with  circular 

Fig.  639. 


sawB.  The  blocks,  which  have  been  split  into  slabs  about 
4  inches  thick,  are  fastened  by  wedges  upon  a  sawing  table, 
such  as  is  represented  in  Fig.  639.  It  is  a  cast-iron  bed,  A  B, 
moving  upon  rollers,  with  holes  into  which  wedges  can  be  placed 
for  fixing  the  slabs  of  slates.  The  pulley  C  drives  the  circular 
saw  D,  and  at  the  same  time  gives  motion  to  a  chain  which 
draws  the  table  along  from  one  end  of  its  frame  to  the  other. 
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When  tlio  table  lias  gone  us  tar  aa  pa=!8ible,  the  workman 
turna  a  hanii-wLeel  wlikh  reverses  the  motion,  it  is  ilrawD  back, 
and  another  set  of  slikbs  nvu  arranged  so  that  they  may  be  cut 
when  it  again  moves  foc'waiil.  The  xaw  sometimes  lies  in 
a  semicircular   trough    full   of    water,   which   serves   to   keep 

0.  Planing  Uadtmes  — Planing  machines,  somewhat  similar 
to  those  used  in  engineering  shops,  are  employed  for  maiking  the 
smooth  slate-slabs  required  for  cisterns  or  billiard -tables.  The 
tool  is  held  in  one  direction  only  and  is  not  reversed  after  each 
stroke. 

p.  Slate-making  Hadiinefl. — Greaves'  circular  slate-dressing 
machine  (Fig.  640)  does  precisely  the  same  work  as  the  quarry- 
man's  knife.  It  is  a  frame  carrying  two  knives,  O,  which  are 
made  to  revolve  by  the  pulley  A  upon  the  same  shaft  as  the 
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small  fly-wheel  B.  D  is  a  fixed  knife  and  E  a  cast-iron  arm 
with  a  number  of  notches  on  the  inside,  which  are  gauges  for 
enabling  the  quarryman  to  cut  the  slates  to  exact  sizes.  The 
belt  pulley  A  is  thrown  in  and  out  of  gear  by  a  clutch. 

Another  machine  for  doing  the  same  kind  of  work  acts  like  a 
guillotine,  and  has  a  knife  which  slides  up  and  down  vertically 
between  guides.  In  both  machines  tbe  action  of  the  band-knife 
is  imitated  —that  is  to  say,  tbe  cut  is  made  gradually  along  the 
desired  line. 

(4)  AQGLOHKBATION  OB  CONSOLIDATION — Processes 
of  this  kind  are  moi'e  particularly  used  in  the  case  of  coal  or 
brown  coal,  small  particles  of  which  can  be  pressed,  either  with 
or  without  the  luldition  of  some  cementing  material,  into  blocks 
of  fuel  of  convenient  shapes  and  sizes.  At  the  same  time 
agglomeration  is  not  confined  to  coal :  some  of  the  poor  clayey 
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phosphate  of  lime  of  the  department  of  the  Somme  is  made 
into  bricks,  so  that  it  may  be  readily  burnt  in  kilns  and  de- 
prived of  its  moisture  before  being  ground  or  sent  away.  The 
so-called  "  purple  ore,"  the  residue  after  the  treatment  of 
cupreous  iron  p}Tites  by  the  wet  process,  and  fine  iron  ore, 
such  as  that  obtained  at  Dunderland  in  the  north  of  Norway, 
are  also  sometimes  made  into  bricks  for  the  purpose  of  obtain- 
ing a  product  suitable  for  smelting  in  the  blast-furnace.  At 
Herrang,  in  Sweden,  magnetically  concentrated  iron  ore  is 
moulded  into  briquettes  weighing  about  lo  lbs.  The 
briquettes  are  burnt  in  long  tunnel-shaped  furnaces,  the 
magnetite  agglutinating  sufficiently  to  form  firm  hard  briquettes 
suitable  for  blast-furnace  use. 

In  order  to  get  rid  of  water,  washed  graphite  is  pressed  into 
cakes,  which  are  then  ready  for  the  drying  stove. 

(5)  SCBEENING  OR  SIFTING.— This  is  an  important 
branch  of  dressing.  Sometimes  it  is  a  preliminary  process 
which  is  necessary  or  advisable  previous  to  concentration  by 
specific  gravity,  or  to  picking  by  hand.  Sometimes  it  is  a 
final  process  previous  to  sale,  and  for  several  reasons :  the 
purchaser  usually  requires  cements,  pigments,  and  fertilisers 
in  a  state  of  fine  subdivision  and  free  from  any  coarse  particles, 
or,  contrariwise,  he  may  object  to  ores  in  the  form  of  ''smalls" 
or  dust,  which  would  choke  his  smelting  furnaces. 

Hand-sieves  are  often  employed  underground  for  taking  out 
"  smalls  "  which  are  not  acceptable  to  the  purchaser.  Thus  at 
the  Merionethshire  manganese  mines,  the  workmen  shovel  the 
fine  stuff  on  to  circular  hand-sieves  with  holes  ^  inch  square, 
and  use  all  that  goes  through  as  material  for  filling  up.  In 
speaking  of  the  iron  ore  worked  opencast  in  Northamptonshire, 
a  similar  separation  of  the  fine  was  mentioned  ;  with  the  same 
object,  the  fork  is  sometimes  employed  in  loading  instead  of  the 
shovel,  a  practice  which  also  obtains  in  collieries. 

Sifting  by  hand  is  shown  in  Fig.  611  following  bucking,  so  as 
to  ensure  a  proper  degree  of  hand-crushing.  It  is  more  econo- 
mical to  employ  a  rectangular  sieve  fixed  in  a  steeply  sloping 
position,  and  throw  the  mineral  against  it  with  the  shovel.  In- 
clined gratings  (gnzzlies,  U.S.)  formed  of  bars  of  flat  iron  or 
steel,  on  to  which  the  waggons  of  mineral  are  tipped  as  they 
come  from  the  mine,  are  another  form  of  sifting  apparatus. 

Machine-sieves. — Most  of  the  sizing  at  mines  is  performed 
by  sieves  set  in  motion  by  machinery  ;  there  are  two  principiU 
kinds  of  machine-sieves :  flat  oscillating  sieves  and  revolving 
cylindrical,  conical,  pyramidal,  or  spiral  sieves. 

The  most  common  in  ore  mines  are  revolving  sieves,  either 
cylindrical  or  in  the  form  of  truncated  cones.  A  sieve  of  this 
kind  is  often  known  as  a  "  trommel."  The  word  is  expressive 
enough  to  the  German ;    but  it  fails  to   tell  others  that  the 
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machine  in  drum-ahaped,  and  it  mn  be  tolerated  in  the  English 
language  eioiply  on  the  score  that  it  bas  so  long  been  in  use 
that  it  is  practically  nuturalisod. 

Some  are   made    of   woven  wirecloth  op  o(    pnncheil  sheet- 
metal,  either  iron,  steel,  copper,  bi-aas,  or  bronze,  or  arc  formed 
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by  a  series  of  parallel  bars.  Figs.  641,  64Z,  and  643  represent 
sieves  with  round  holes  i,  2,  and  $  millimetres  respectively. 
The  holes  are  sometimes  square  or  oblong. 

The  trommel  consists  of  the  perforated  plate  or  the  wire  uloth 
bent  into  the  required  conical  or  cylindrical  form,  and  supported 
by  rings  attached  by  arms  to  a  central  axis.  Tlie  conical 
trommel  has  the  advantage  that  its  axle  can  be  placed  horizontal, 
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For  the  slight  inclination  of  the  sieve  causes  the  mineral  to  make 
its  way  from  the  feed  or  smaller  end  to  the  discharge  or  hirger 
end,  provided  of  course  that  the  machine  is  in  motion.  If  the 
trommel  is  cylindrical,  its  axis  must  be  inclined  in  order  to 


e  the  s; 


)ult. 


When  it  ia  neceasary  to  separ^ite  a  crushed  mineral  into  a 
number  of  different  sizes,  the  tiommels  nre  commonly  iirrunged 
so  as  to  dischnrge  one  into  the  other.  This  plan  bas  the  dis- 
advantage of  requiring  much  gearing  or  many  belts,  for  the 
sieves  have  to  be  arranged  step  fashion,  each  one  a  little  below 
its  predecessor.     If,  on  the  other  hand,  only  one  long  trommel 
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is  used,  with  the  holes  increasing  in  size  from  the  feed  to  the 
discharge  end,  there  is  the  evil  of  letting  the  very  coarse  stuff 
wear  away  the  fine  sieve,  and  cause  more  frequent  repairs. 
A  common  type  of  trommel,  in  the  form  of  a  truncated  cone,  is 
that  shown  in  Fig.  644.  The  feed-end  A  is  free  from  cross- 
arms,  having  a  large  cast-iron  ring  B  as  support,  and  there  are 
in  all  three  sieves  O,  E,  and  F.  Suppose,  for  instance,  that  the 
trommel  is  supplied  with  stuff  which  has  left  a  crusher  sieve 
with  no  particles  bigger  than  8  millimetres  (^  inch)  across  ; 
this  passes  on  to  the  inner  sieve  0  with  holes  of  6  mm.  {\  inch). 
The  next  ring,  D,  is  of  sheet  iron.  In  this  way  the  coarsest 
stuff  never  touches  the  fine  sieve.  The  two  sieves,  E  and  F^  on 
the  outside  have  holes  of  2  mm.  and  4  mm.  Consequently 
this  trommel  makes  foiu*  classes :  smaller  than  2  mm.,  i.e. 
that  which  drops  through  the  final  sieve,  E ;  size  2  to  4  mm., 
dropping  through  sieve  F  ;  size  4  to  6  mm.,  discharged  at  G  ; 
and,  lastly,  size  6  to  8  mm.,  which  passes  out  at  H.  An 
objection  to  trommels  with  concentric  sieves  is  the  difficulty  of 
effecting  repairs  inside,  if  the  plates  become  worn.  This  defect 
is  remedied  in  the  trommel  figured  by  fixing  on  the  perforated 
plates  with  screw  bolts ;  they  can  then  be  taken  off  quickly 
and  easily. 

The  fiat  screen  does  far  more  work  per  square  foot  than  the 
trommel,  because  the  material  is  spread  all  over  it  instead  of 
lying  along  a  line  at  the  bottom.  The  vibromotor,  invented  by 
Mr.  W.  W.  Beaumont,  enables  a  flat  sieve  to  be  worked  with 
less  wear  and  tear,  and  with  a  smaller  amount  of  power  than 
the  ordinary  crank-driven  shaking  screens.  Mr.  M^Dermott's 
screen  is  worked  under  water.  The  stuff  is  fed  on  to  the  upper 
end  of  the  sloping  screen,  which  lies  in  a  bath  of  water,  and  it 
is  subjected  to  pulsations  produced  by  a  piston  moving  up  and 
down  in  an  adjoining  tank.  The  screen  is  kept  from  clogging, 
and  it  wears  less  than  a  tromn\el. 

XL    PROCESSES    DEPENDINO    UPON    PHYSICAL 

PB.OPEBTIES. 

(i)  MOTION  IN  WATER. — Many  of  the  more  important 
dressing  processes  depend  upon  the  rate  at  which  particles  of 
minerals  fall  in  water.  The  velocity  of  fall  depends  upon  the 
specific  gravity  and  the  volume.  A  piece  of  galena  with  a 
specific  gravity  of  7  5  sinks  to  the  bottom  more  quickly  than  a 
piece  of  quartz  of  equal  bulk,  which  has  a  specific  gravity  of 
only  2*6.  Nevertheless,  if  the  piece  of  quartz  is  large  enough, 
it  will  fall  to  the  bottom  as  fa^t  as  the  smaller  piece  of  galena. 
Particles  which  have  equal  velocities  of  fall,  though  differing 
in  size  and  specific  gravity,  are  said  to  be  equcd-falling  or 
equivalent. 
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P.  von  Rittinger  gives  the  following  table  to  show  the 
rates  of  fall  of  spheres  of  three  minerals  differing  considerably 
in  specific  gravity  : — 


SUBSTANCK. 


Galena   . 
Iron  pyrites 
Quartz    . 

Galena    . 
Iron  pyrites 
Quartz    . 

Galena   . 
Iron  pyrites 
Quartz    . 


7*5 
5*0 

2*6 

7*5 
5-0 

2*6 

7*5 
50 
26 


0 

Velocity  in  HotrcH  after  the  LapBe  of 

B 

5 

1  sec. 

t 

\  see. 

\  aec. 

X  sec. 

a  see. 

1*650 
1-293 
0*817 

mm. 
16 
16 
16 

0*903 
0*825 
0*570 

1*411 

1*174 
0*767 

1*630 
1*287 
o*8oi 

1*650 
1-293 
0*817 

4 
4 
4 

0*704 
0*586 

0-383 

0*814 
0643 
0409 

0*823 
0646 
0*409 

0*824 
0*646 
0*409 

0*824 
0*646 

0409 

I 
I 
I 

0-409 
0*321 
0203 

0-413 

0-323 
0*204 

0*414 
0323 
0204 

0*414 
0*323 
0*204 

0*414 

0-323 
0*204 

This  table  shows  that  the  particles  at  the  very  outset  have  an 
accelerated  velocity,  and  that  the  velocity  speedily  becomes 
uniform.  It  also  shows  that  a  small  sphere  of  quartz  4 
millimetres  in  diameter  sinks  down  at  almost  precisely  the 
same  rate  as  a  sphere  of  galena  only  i  millimetre  in  diameter. 
These  two  particles  are  therefore  like-falling  or  equivalent.  It 
is  evident  that  if  the  sphere  of  galena  has  a  greater  diameter 
than  I  millimetre  it  will  fall  faster  than  the  grain  of 
quartz  which  is  4  millimetres  across.  Consequently,  if  a  mix- 
ture of  minerals  differing  decidedly  in  density  is  separated  by 
sifting  into  lots  consisting  of  particles  nearly  alike  in  size,  there 
is  no  difficulty  in  effecting  a  separation  by  their  mere  descent 
through  still  water. 

This  fact  may  be  rendered  very  plain  by  a  simple  experiment. 
Prepare  a  mixture  of  like-sized  grains  of  coal,  calc-spar,  and  galena 
by  sifting  the  pounded  minerals  and  retaining,  for  instance,  the 
portion  which  has  no  particles  more  than  |  inch  in  diameter  or 
less  than  ^.  Put  the  mixture  into  a  glass  tube  4  or  5  feet  long 
and  J  inch  or  i  inch  in  diameter,  corked  at  one  end  (Fig.  645). 
Fill  completely  with  water ;  then  cork  the  other  end,  reverse  the 
tube  briskly  and  hold  it  upright.  The  galena  will  fall  to  the 
bottom  first,  then  the  calc  spar,  and  lastly  the  coal,  and  the 
three  minerals  will  form  separate  layers  distinctly  marked  by 
their  differences  of  colour.  A  shorter  and  narrower  tube  may 
be  used,  but  the  greater  the  depth  of  the  water  the  more 
accurately  can  the  descent  of  the  particles  be  watched. 

The  experiment  may  be  repeated  by  reversing  the  tube,  for 
the  galena  will  soon  make  up  by  its  high  specific  gravity  for  the 
slightly  longer  path  which  it  has  to  travel. 

2  Q 
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Though  the  final  velocity  attained  by  a  particle  of  a  minei-al 
falling!  through  w&ter  depends  both  upon  its  volume  and  its 
specific  gravity,  it  is  nevertheless  true  that  in  the  early  part  of 
the  fall  the  influence  of  the  specific  gi-avity  preponderates,  and 
the  denser  particles  take  the  lead.    This  appears  from  the  table. 
Take,   for   instance,   a    particle  of   quartz    |6    millimetres    in 
diameter  and  one  of  galena  of  4  millimetres. 
Fig.  645-         which    are    pmctically    like-fulling    after  tlie 
lapse  of  a  second  :    at  the  end  of  I  second,  on 
the  other   hand,  the  galena  is  falling  with  a 
velocity  35  per  cent,  greater  than  that  of  the 
quartz.     This  fact  is  utilised  in  practice,  for 
instead  of  simply  letting  the  mixture  of  minerals 
fall  through  a  certain  depth  of  still  water,  it  is 
made  to  undergo  a  rapid    succession    oF   very 
small  falls.*     In  this  manner,  particles  vary- 
ing in  specific  gravity  can    be   separated    into 
distinct  layers  irrespective  of  slight  variations 
in  size. 

In  a  few  exceptional  cases  the  valuable 
mineral  rises,  as  it  is  lighter  than  water ;  when 
a  mixture  of  ozokerite  and  clay  is  thrown  into 
watei-.the  waste  falls  to  the  bottom  whilst  the 
useful  substance  floats  and  may  be  skimmed  off 
at  the  top.  Bitumen,  too,  comes  to  the  surface 
when  bituminous  Sandstone  is  thrown  into 
boiling  water  and  stirred. 

A  second  method  of  utilising  the  fall  in 
water  consists  in  subjecting  the  particles  to  a 
current  flowing  upwards ;  by  suitably  regulat- 
ing its  force,  light  particles  can  be  carried  away 
and  only  the  heavier  allowed  to  sink. 

Lastly,  a  third  kind  of  motion  is  that  of  small 

particles  carried  down  inclined  planes  by  a  thin 

sheet  of  water. 

We  have   now  to  consider  the  various  machines  by  which 

the  fall  in  water  is  made  to  effect  a  separation  on  o.  commercial 

scale. 

A.  Simple  Fall  in  Water. 
{a)  Eeere  or  Dolly-tub. — This  appliance  is  merely  a  vat  or 
tub  in  which  the  finely  divided  ore  ia  stirred  and  then  allowed 
to  settle ;  it  is  specially  used  for  the  final  treatment  of  fine  lead 
ore  and  tin  ors.  The  stirring  may  be  done  with  a  shovel  whilst 
the  ore  is  thrown  into  the  water,  but  more  commonly  blades, 
attached  to  a  vertical  axle  driven  by  gearing  (Figs.  646  and 
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647),  are  made  to  keep  the  mixture  of  ore  and  water  in  a 
thorough  state  of  agitation.  When  enough  ore  hae  been  added, 
the  stirring  process  (tonaTiy)  is  stopped  and  the  agitator 
removed ;  the  contents  of  the  vat  are  allowed  to  settle,  while 
the  water  is  kept  in  a  state  of  vibration  by  taps  upon  the  out- 

Fio.  646-  FiQ.  647. 


side  from  the  iron  hammer  h,  lifted  by  the  cams  c,  upon  the 
driving  shaft.  This  process  of  settling  is  locally  called  paeHng ; 
as  soon  as  it  is  complete,  the  water  is  baled  out  or  drawn  off 
by  removing  plugs  in  the  side,  and  the  deposit  is  scraped  oS 
layer  after  layer,  increasing  in  richness  as  the  bottom  is 
approached. 

(h)  Jisrerer  or  Jig. — The  principal  machine  for  concentrating 
particles  varying  in  size  from   1   inch  to 
,',f  inch  ia  the  jigger       The   hand-jigger  t'lQ-  648, 

is  merely  a  ronn<l  sieve  which  is  charged 
with  the  crushed  ore  and  then  moved  up 
and  down  in  a  tub  full  of  water.  Each 
time  that  the  sieve  ia  lowered  sharply 
into  the  water,  the  particles  are  free  to 
drop  a  short  distance,  and  they  gradually 
arrange  themselves  in  layers,  the  heaviest 
at  the  bottom  and  the  lightest  at  the  top. 
Oo  lifting  out  the  sieve  the  light  waste 
can  be  skimmed  off  with  a  scraper,  leaving 
a  well-defined  layer  of  the  heavy  rich 
mineral  at  the  bottom,  which  is  removed 
separately. 

This    process    of    separation    can    be 
watched  by  the  aid  of  a  very  simple  piece  of  apparatus  (Fig. 
648).     A  model  jigging-sieve  can  be  made  with  a  cylindrical 
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lamp-gtaaB  by  fixing  on  a.  piece  of  wire  gauze  by  means  of 
Kealing-was,  or  by  tying  on  a  piece  oE  any  net-like  fabric.  A 
mixture  of  crushed  coal,  ciklc-spar,  ami  galena,  prepared  as  in 
the  previous  caae,  la  placed  upon  the  sieve,  and  the  gla.*^ 
cylinder  is  now  moved  down  and  up  in  a  large  tumbler 
jiartly  filled  with  water.  A  distinct  separation  is  soon 
effected. 

Instead  of  moving  the  sieve  in  still  water,  it  is  more  common 
nowadays  to  make  the  sieve  stationary  and  to  force  water  up 
through  it  with  a  pulsating  action.  The  particles  are  thus  sub- 
jected to  a  aeries  of  repeated  lifts  and  falls,  and  after  the  lapse 
of  a  little  time  the  charge  of  crushed  ore  placed  upon  the  sieve 
becomes  separated  into  a  layer  of  rich  mineral  at  the  bottom, 
and  a  layer  of  light  waste  at  the  top  ;  in  the  middle  there  may 
be  a  layer  coimisting  of  rich  particles  with  more  or  less  waste 
material  attached  to  them. 

An  illustrative  model  is  again  easily  constructed  (Fig  649) 
by  fixing  a  piece  of  wire  gauze  in  a  lamp-glass, 
Kio.  640.  between  two  rings  cut  from  india-rubber  hose  of 
suitable  diameter,  whilst  a  flexible  ball  syringe 
supplies  the  means  of  pumping  water  up  and  down. 
However,  this  is  not  the  form  in  which  the 
jigger  is  made  in  actual  practice.  It  usually  con- 
sists of  a  box  {hutch)  divided  by  a  partial  partition 
into  two  compartments  ;  in  one  is  fixed  a  flat  sieve  1 
(Figs.  650  and  651),  which  carries  the  ore,  and  in 
the  other  a  piston,  p,  is  made  to  work  up  and  down 
by  an  excentric.  The  mode  in  which  the  separation 
ia  effected  can  be  watched  in  a  model  made  out  of  a 
U-tube,  with  a  round  stick  or  a  test-tube  aa  the 
piston  (Fig.  652V 

The  great  aavantage  of  these  jiggers  is  that 
they  readily  allow  a  continuous  feed  of  the  ore  and 
discharge  of  the  products  without  any  stoppages. 
The  ore  is  fed  on  by  a  hopper  placed  at  one  end  of 
the  machine,  or  is  delivered  already  mixed  with 
water.  Several  methods  of  discharge  can  be 
adopted:  viz.,  (a)  at  the  end;  {h)  in  the  centre; 
and  (c)  through  the  meshes  of  the  sieve. 

(a)  With  the  first  kind  of  discharge,  the 
enriched  product  lying  on  the  sieve  passes 
out  through  openings  at  the  end  of  the  jigger, 
and  the  amount  escaping  is  regulated  by  on  adjustable  shutter 
which  enables  the  size  of  the  outlets  to  be  increased  or 
diminished  at  pleasure  ;  the  middle  product  can  be  drawn  off  by 
openings  placed  at  a  slightly  higher  level,  whilst  the  waat«  is 
washed  over  a  sill  at  the  end  of  the  sieve  at  each  pulsation. 
Yery  often  a  first  sieve  simply  separates  a  concentrated  product 
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and  (liKcliargefl  a  poorer  product  on  to  a  .second  sieve,  where  a 
similar  separation  in  effected. 

(Ii)  With  the  central  dis<rharge  metho<1,  a  pipe  is  brought  «p 


through  the  middle  of  tlie  sieve,  and  the  size  of  the  opening  for 
the  escape  of  the  concentrated  oi-e  is  governed  by  a  cylindrical 
cap,  which  can  be  raised  or  lowered  by  a 
screw.  Fio.  6sa. 

(c)  The  discharge  through  the  sieve  is 
specially  adapted  for  the  finer  products 
from,  the  ci'usher,  though  it  is  also  used 
for  grains  up  to  and  even  above  J  in.  in 
diameter.  The  meeh  of  the  sieve  is  chosen 
ao  that  the  particles  under  treatment  will 
just  pai^K  thiough,  but  above  the  sieve  is  a 
layer  (/«//)  of  clean  ore,  or  of  some  sub- 
stance of  about  the  same  density,  in  frag- 
ments too  large  to  drop  through.  The 
pulsations  of  the  water  cause  the  usnal 
separation  into  layers,  and  the  heavy  rich 
particles  find  their  way  down  through  the 
bed  of  mineral  of  like  specific  gravity  and 
drop  into  the  hutch,  whence  they  can  be 
di'nwn  off  through  a  hole  as  required.  The 
poorer  part  passes  over  a  sill  at  the 
end  of  the  sieve,  as  a  worthlesR  proiluct,  or  on  to  a  second  xieve, 
ao  that  more  valuable  mineral  may  be  taken  out  of  it.     Three 
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or  four  sieves  are  often  arranged  in  a  row  in  one  machine,  and, 
by  proper  arrangement  in  dressing  mixed  lead  and  zinc  ores, 
the  firat  compartment  may  be  made  to  yield  clean  galena,  the 
second  a  mixture  of  galena  and  blende,  the  third  clean  blende, 
the  fourth  blende  and  rock,  whilst  the  greater  part  of  the  waste 
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material  passes  over  the  sill  at  the  end.  These  jiggers,  with 
the  discharge  through  the  sieve,  ai*e  commonly  known  as 
Hartz  jigs. 

The  number  of  strokes  per  minute,  the  length  of  stroke  and 
the  thickness  of  bed  depend  upon  the  fineness  of  the  particles 
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under  treatment;  the  former  gradually  increases,  while  the  two 
latter  decrease  as  the  particles  diminish  in  size. 

The  piston  of  the  jigger  need  not  necessarily  be  horizontal. 
Messrs.  Kitto  and  Paul  place  it  vertically  in  the  jiggers 
employed  at  Frongoch  mine,  Cardiganshire,  for  treating  blende 
and  galena.     A  and  B  (Fig.  653)  are  the  two  hutches,  and  C  is  a 
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partition  in  the  middle.  D  is  the  piston  working  between  two 
plates  of  iron  V  V.  The  piston  occupies  the  whole  length  of  the 
jig,  shown  by  T  (Fig.  654) ;  it  is  worked  by  the  rod  E,  guided 
at  F,  and  passing  through  a  stuffing-box,  G.  The  reciprocating 
motion  is  given  by  a  crank  M  through  the  connecting-rod  L 
and  lever  H,  which  traverses  the  head  of  the  piston-rod  I.  The 
crank  has  a  long  loop,  which  enables  the  stroke  to  be  varied. 
The  same  end  can  be  attained  by  an  excentric  with  a  slot,  which 
allows  the  excentricity  to  be  altered  at  pleasure.  N  shows  where 
the  ore  is  fed  on,  and  O  is  the  place  of  discharge  of  the  waste 
or  impoverished  ore.  S  is  the  sieve,  and  P  F  are  holes  with 
plugs  manipulated  by  handles  not  shown  in  the  figures,  by  which 
the  concentrates  which  pass  through  the  sieve  are  drawn  off. 
R  is  the  pipe  bringing  in  clean  water. 

B.  Upward-current  Separators. 

We  must  now  pass  on  to  the  second  method  of  utilising  the 
motion  of  minerals  in  water,  viz.,  by  subjecting  them  to  an 


Figs.  655  and  656. 


M.I 


'■'»■'■*■ L. 


•  S 


S  MtTRf » 


iiitiiiniiil 


ams 


•  FLCT 


upward  current ;  and  here  it  may  be  remarked  that  the  con- 
tinuous jig  to  a  certain  extent  produces  an  action  of  this 
kind,  for  the  light  waste,  brought  to  the  top  by  the  pulsating 
movement,  is  finally  carried  away  by  the  outflow  of  the  fresh 
water. 
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Upward- current  separators  are  usually  inverted  pyramidal  or 
conical  boxes  {Spiizkasten)  with  water  under  pressure  brought 
in  near  the  bottom.  A  stream  of  ore  and  water  is  fed  in  at  the 
top,  some  of  the  heavier  particles  sink  and  make  their  escape 
with  a  portion  of  the  water,  at  or  near  the  bottom,  whilst  the 
lighter  grains  are  carried  over  the  edge  of  the  box.  A  separator 
of  this  kind  simply  extracts  a  number  of  like-falling  particles, 
and  the  product  may  require  further  treatment  before  a  suflficient 
degree  of  concentration  is  obtained. 

Figs.  655  and  656  represent  Jacom<5ty  and  Lenicque's  pyra- 
midal separator  with  six  compartments,  A,  B,  C,  D,  E,  F,  which 
make  seven  categories  from  pulp  with  all  its  particles  under 
I  mm.  in  diameter.  Each  compartment  is  merely  a  box  in  the 
form  of  an  inverted  pyramid,  and  for  convenience  of  transport, 
the  machine  is  made  in  three  separate  castings,  which  can  be 
easily  bolted  together,  as  shown  at  R  and  S.  Pipes  bring  down 
water  from  the  main  G  H,  and  the  amount  supplied  to  each 
division  can  be  regulated  by  a  cock ;  the  water  strikes  a  little 
plate  attached  to  the  end  of  the  pipe  and  rises  up. 

The  pulp  is  fed  on  at  J  and  escapes  at  K.  Particles  which  can 
overcome  the  upward  current  are  discharged  continuously 
through  a  nozzle  at  the  apex  of  each  pyramid.  These  nozzles 
are  shown  at  L,  M,  N,  0,  P,  Q ;  they  are  easily  detachable,  and 
can  be  taken  off  during  the  progress  of  the  work,  if  by  any- 
chance  they  become  choked.  The  Calumet  classifier  is  of  this 
type. 

Though  separators  of  this  kind  are  usually  employed  for  the 
treatment  of  fine  sand  and  slime,  they  are  occasionally  applieil 
to  comparatively  coarse  stuff.  The  separator  shown  in  Figs.  657 
and  658  is  used  at  Frongoch  mine,  Cardiganshire,  for  treiiting 
an  ore  consisting  of  blende  and  galena,  mixed  with  slate,  just  as 
it  leaves  the  rolls,  after  having  been  crushed  fine  enough  to  pass 
through  a  sieve  with  12  holes  per  square  inch  (3  holes  by  4 
holes).  The  coarse  goes  to  the  jigs,  the  fine  to  the  buddies.  It 
■  is  an  inverted  wooden  cone  A,  which  can  be  more  or  less  com- 
pletely closed  at  the  bottom  by  a  plug  B,  controlled  by  a  handle 
C.  The  cone  stands  upon  a  wooden  box  D,  which  receives 
water  under  pressure  from  a  pipe  E,  and  is  provided  with  a 
discharge  valve  F,  a  mere  flat  plate  of  iron,  working  on  a  pin, 
which  can  be  pushed  sideways  so  as  to  close  the  orifice  partially 
or  entirely.  Inside  the  wooden  cone  there  is  a  sheet-iron  funnel 
G,  which  receives  the  stream  of  ore  and  water  from  a  launder  H, 
and  causes  it  to  descend  to  the  level  I.  There  it  meets  with 
the  upward  current  of  clean  water,  and  a  separation  is  effected. 
The  coarse  and  heavy  particles  which  can  overcome  the  stream 
pass  into  the  box  below,  and  flow  out  continuously  at  F,  while 
the  fine  and  light  particles  are  mastered  by  the  current  and 
carried  over  the  top  edge  of   the  wooden  cone,  which  is  sur- 


rounded  by  a  circular  launder.  By  regulating  the  upward 
current  of  clean  water  and  the  size  of  the  discharge  orifice,  the 
separator  can  be  adjusted  to  the  requireuienta  of  any  particular 
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case.     Separators  of  this  type  are  known  in  Germany  as  Sjntz- 
lutten. 

L"chharl't  Aulomatic  Gem  Separalm: — In  this  machine  the 
particles  of  minerals  fall  into  a  current  of  water  ascending  in 
an  annular  sjrace,  pui'posely  made  narrow  in  oi'der  to  prevent 
eddies,  which  would  interfere  with  the  desited  results.  Tlie 
velocity  of  the  current  can  be  regulated  by  stop-cocks,  and 
arranged  bo  tbat  only  the  denser  of  any  like-sized  particles  shall 
be  able  to  overcome  it  and  sink.     Its  primary  object  is  to  ti'eat 
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clean-washed   concentrates   from   gem-bearing  grarel    after    a 
carerul  prelimtniiry  sizing  by  screens. 

Sijihim    Se/taralor. — A    successful   application  of  an    upward 
cui-rtnt  of    water  is   in   the  machine   known  as    the    siphon 

Kio.  659.  Fio.  66a 


sei):intt(ir  {Helieniriii"-he),  though  its  action  is  not  based  upon  the 
principle  of  the  appliance  from  which  it  takes  its  name. 

Itconaiatsof  a  rectangular  box  (Figs.  659,  660,  and  661),  made 
of  sheet  iron  or  wood  with  a  partition,  dividing  it  into  two 
chambei-8  B  and  £.     The  front  one  B  resembles  a  pyramidal 
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separator,  receiving  an  upward  current  of  fresh  water  from  the 
adjacent  compartment  E  and  an  orey  stream  from  the  launder  G, 
the  continuation  of  which  carries  away  the  light  waste.  The 
compartment  E  has  a  partition  z,  dividing  it  into  two  parts :  A, 
which  receives  a  supply  of  fresh  water  by  means  of  the  pipe  a, 
and  C,  which  has  the  regulating  float  s.  To  prevent  shodcs  and 
eddies,  the  water  does  not  fall  directly  into  E,  but  first  passes 
through  holes  in  the  partition  u.  The  precise  position  of  the 
float  8  can  be  altered  at  pleasure  by  the  rod  /,  which  connects  it 
to  the  lever  h,  movable  about  the  fulcrum  i  attached  to  the 
upright  bar  t.  The  travel  of  the  lever  is  controlled  by  means  of 
the  rod  g.  A  light  rod  e  carrying  the  outlet  valve  is  attached 
to  the  lever  at  d ;  this  valve  is  set  in  the  middle  of  a  pyramidal 
sieve  bottom  b,  and  governs  the  discharge  into  the  pipe  g,  which 
leads  to  the  outlet  orifice  r.  The  object  of  these  arrangements 
is  to  obtain  a  self-regulating  discharge,  the  action  of  which 
is  very  simple.  As  the  ore-bearing  stream  passes  along  over  the 
box  B,  the  heaviest  particles  overcome  the  upward  pressure 
of  the  ascending  current  and  drop ;  if  the  valve  is  shut,  they 
accumulate  upon  the  sieve,  and  prevent  the  passage  of  some  of 
the  water  through  it.  The  obstruction  causes  the  water  in  the 
chamber  C  to  rise,  the  float  ascends  at  the  same  time,  and  in  so 
doing  lifts  up  the  valve  and  allows  the  discharge  of  the  grains 
of  ore  into  the  pipe  q.  The  float  then  sinks,  the  valve  goes 
down,  another  little  deposit  of  ore  causes  an  obstruction  and  the 
process  is  repeated. 

These  separators  are  some  of  the  principal  machines  employed 
at  Mechernich  for  the  treatment  of  the  friable  lead-bearing 
sandstone ;  in  fact,  there  are  no  less  than  1 24  of  them  in  use. 
They  are  remarkable  for  their  simplicity  and  for  the  large 
amount  of  stuff  that  they  will  treat.  The  quantity  of  broken 
sandstone  which  can  be  successfully  passed  through  one  machine 
per  hour  is  from  273  to  300  cubic  feet  (8  to  9  cubic  metres). 
Sometimes  two  or  three  of  these  machines  are  placed  one  after 
the  other,  the  second  receiving  the  overflow  of  the  first,  and  the 
third  the  overflow  of  the  second. 

The  quantity  of  water  required  is  somewhat  large — viz.,  9900 
gallons  (45  cubic  metres)  per  hour ;  but  at  Mechernich  it  is  used 
over  and  over  again,  after  the  fine  matter  in  suspension  has  been 
allowed  to  settle. 

O.    Separation  by  Water  flowing  down  Planes. 

We  lastly  have  to  deal  with  the  third  manner  of  utilising  the 
motion  of  mineral  particles  in  water,  that  is  to  say,  allowing 
them  to  be  carried  down  inclined  surfaces^  by  a  stream  of  water. 

Two  classes  of  appliances  are  used  :  those  in  which  the  deposit 
is  cleaned  off  as  soon  as  a  thin  layer  has  settled  down,  and 
those  in  which  the  deposit  is  allowed  to  go  on  forming  until 
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it  has   attained  a   thickness   of   at   least   several    inches  or  a 
foot. 

( I )  The  first  class  includes  various  kinds  of  plane  and  conical 
tables,  certain  percussion  or  shaking  tables,  and  the  travelling 
belts. 

a.  Plane  Tables. — Plane  tables,  often  called  "  frames,"  and 
sometimes,  but  incorrectly,  called  **  buddies,''  are  slightly  inclined 
rectangular  surfaces  of  wood  down  which  the  pulp  flows  in  a 
regular  stream.  An  even  flow  over  the  whole  width  of  the  table 
is  secured  by  first  passing  the  stream  over  a  head-board,  which 
divides  it  into  a  number  of  little  rills.  The  sti*ength  of  the 
current  depends  upon  the  quantity  of  water,  and  upon  the 
inclination  given  to  the  tiible.  These  are  arranged  so  that  some 
of  the  mineral  under  treatment  will  settle  down  and  resist  the 
action  of  the  water,  which  is  always  tending  to  carry  it  on 
further.  After  a  deposit  of  this  kind  is  formed,  clean-water  Ls 
often  allowed  to  run  down  over  the  table  to  carry  off  any  light 
particles  intermixed  with  the  heavy  ore,  and  its  action  is  aiderl 
l9y  brushing  lightly  with  a  broom.  The  deposit  is  then  washed 
off  and  collected  in  a  tank  for  further  treatment. 

Where  the  mineral  to  be  treated  is  poor,  the  tables  have  to 
be  worked  with  as  small  an  expenditure  of  labour  as  possible ; 
and  the  device  adopted  in  Cornwall  is  explained  by  Figs.  662  to 
664.  A  is  a  launder  bringing  the  pulp,  which  flows  down  over 
the  head-board  B  on  to  the  inclinecl  surface  of  the  table,  leaving 
upon  it,  in  virtue  of  their  high  specific  gravity,  some  of  the 
heavy  particles  of  tin  ore,  and  carrying  the  lighter  refuse  into 
the  launder  C-  While  this  action  is  proceeding,  the  clean-water 
launder  E  is  filling  the  two  V-like  troughs  1)  and  D'.  When 
these  are  full,  they  tilt  over  (Fig.  664 J  and  discharge  their 
contents  suddenly  on  to  the  table,  washing  off  the  deposit.  The 
troughs  D  and  D',  on  turning  over,  carry  the  bar  H  H  forwards, 
and  thus  lift  the  flaps  at  F  and  F',  so  that  the  upper  and  richer 
part  of  the  deposit  is  washed  into  the  launder  F,  the  lower  and 
poorer  part  into  F'.  As  soon  as  the  troughs  have  discharged 
their  water,  they  are  brought  back  into  their  original  position  by 
the  simple  cataract  G,  and  the  process  is  repeated. 

Round  tables  are  bluntly  conical,  convex  or  concave  surfaces ; 
with  the  former  the  pulp  is  fed  on  at  the  centre  and  runs  down 
to  the  circumference ;  with  the  latter,  the  direction  of  flow  is 
reversed.  The  tables  are  made  of  wood,  planed  cast-iron,  or 
cement ;  the  wooden  tables  may  be  plain  or  covered  with  india- 
rubber.     They  are  stationary  or  revolving. 

An  excellent  stationary  table  is  that  of  Linkenbach  (Figs. 
665  and  666).  The  table  itself,  a,  is  made  of  masonry  with  a 
smooth  surface  of  cement ;  h  is  an  upright  shaft,  which  carries 
the  pulp  distributor  and  the  pipes  supplying  water  for  cleaning 
and  for  washing  off  the  deposit ;  it  is  set  in  motion  by  the  worm 


d  and  wheel  e.  Two  of  eight  radial  arms,  borne  by  a  centre- 
piece, are  indicated  by  e  e;  tbey  carry  the  apron  i/,  the  clean- 
water  pipes  k,  h,  h,  the  position  of  which  can  be  regulated  at 


pleasure,  and  the  washing-off  pipe  i.  The  clean  water  is  brought 
in  by  the  circular  box  k,  rotating  with  the  arms  e,  and  supplied 
from  the  pipe  I ;  the  pulp  is  delivered  through  the  pipe  m,  which 
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passes  along  the  conduit  n  under  the  table  into  the  inner  ring  o' 
of  the  adjustable  distributor  0.  The  distributor  is  constructed 
so  as  to  deliver  pulp  at  (/'  and  clean  water  at  </"  ;  p  p  are  pipes 
bringing  down  clean  water  from  the  rotating  launder  k,  and  (/^  q'\ 
f/"  are  three  concentric  gutters,  by  which  the  various  products 
are  led  away.  The  innermost  gutter  takes  the  waste  **  tailings/' 
the  middle  one  the  mixed  product,  and  the  outer  gutter  the 
clean  concentrate.  The  two  latter  products  are  conducted  each 
into  its  proper  channel  by  the  apron  g,  which  is  made  of  sheet 
zinc. 

The  mode  of  action  of  this  table  is  easily  understood.  The 
distributor  is  constantly  feeding  on  slime  by  the  part  of  its  cir- 
cumference ros  (Fig.  666)  ;  a  deposit  forms  on  the  table,  whilst 
the  lighter  tailings  run  off  into  the  gutter  q\  wliich  is  freely 
open  to  them  in  the  absence  of  the  apron.  As  soon  as  the 
feeding  part  of  the  distributor  has  passed,  clean  water  begins  to 
flow  down  over  the  deposit  from  the  trough  0'",  carrying  off  the 
middlings  into  the  gutter  q\  and  having  its  action  aided  by  the 
wa.shing-off  jets  h.  There  now  remains  on  the  table  nothing 
but  a  clean  concentrate,  and  this  is  washed  off  into  the  gutter 
5-'"  by  its  jets  t ;  r'  is  a  launder  carrying  away  the  waste ; 
r"  conducts  the  middlings  to  a  settling  pit  A,  and  the  con- 
centrate escapes  by  a  similar  launder  r'"  into  B ;  z  is  a  wire 
rope  for  diiving  a  second  table. 

An  easy  way  of  realising  the  mode  of  action  of  this  table  is  to 
divide  it  mentally  into  three  portions — viz.,  the  sector  from  ^  to  v, 
which  is  receiving  the  slime ;  the  sector  from  t  to  w,  from  which 
the  middlings  are  being  washed  off ;  and  lastly,  the  sector  from  v 
to  w  with  the  clean  concentrate,  which  yields  to  the  jets  issuing 
from  t,  and  passes  over  the  apron  into  the  outer  gutter  q". 

Where  the  amount  of  space  is  limited^  Linkenbach  places 
three  tables  on  the  same  central  shaft ;  but  the  economy  of  spice 
and  of  original  first  cost  is  accompanied  by  less  easy  supervision. 

The  mode  of  action  of  round  tables  is  very  often  just  the 
reverse  of  what  has  been  described  ;  that  is  to  say,  the  table 
revolves  and  the  distributor  is  stationary.  Linkenbach  points 
out  that  a  revolving  table  is  necessarily  subject  to  vibrations, 
which  must  interfere  with  the  evenness  of  the  flow  down  the 
inclined  surface,  whilst  the  fixed  table  with  a  travelling  dis- 
tributor is  free  from  influences  of  this  kind  and  is  likely  to  work 
more  regularly. 

Nevertheless,  in  spite  of  this  objection,  revolving  round  tables 
may  be  seen  doing  good  work.  The  table  represented  in  Figs. 
667  and  668  is  one  designed  by  MM.  Jacom:Hy  and  Lenicque. 
A  is  the  head-board  or  distributor  which  feeds  the  table  B  with  a 
stream  of  the  fine  slime ;  the  table  is  made  of  arms  of  T-iron, 
radiating  out  from  a  cast-iron  centre-piece  C,  which  support  a 
light  covering  of  planks.      Over  this  is  stretched  sheet  india- 
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rubber,  which  forms  a  smooth  surface,  free  from  any  liability  to 
warp  and  get  out  of  shape.  The  table  is  set  in  motion  by  the 
vertical  shaft  D,  driven  by  the  wheel  G  and  worm  H.  L  L  are 
various  pipes  bringing  clean  water,  supported  by  rods  N  N,  and 
capable  of  being  placed  in  any  suitable  position.  M  M  are 
pipes  which  wash  off  the  deposit  from  the  table ;  they  are  held 
up  by  standards  N'  N',  which  can  be  shifted  about  at  pleasure. 

Figs.  667  and  668. 


SCALC 
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K  is  a  circular  launder  round  the  table,  with  discharge  holes  t  i, 
and  movable  wooden  partitions  «,  8%  s"  «'",  a"" ;  lasdy  the  pipe 
O  sends  out  jets  of  water  which  clean  off  everything  remaining 
upon  the  table.  If  the  table  is  supposed  to  be  moving  in  the 
direction  of  the  arrow,  it  is  evident  that  products  of  different 
kinds  will  be  washed  off  at  different  periods  of  the  revolution, 
and  that  towards  the  end  nothing  will  remain  on  the  table  but 
the  heaviest  particles.  By  suitably  arranging  the  amount  of 
feed  and  the  position  of  the  different  washing-pipes,  the  table 
can  be  made  to  give  clean  ore,  waste,  and  intermediate  products; 
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the  latter  are  passed  over  the  same  or  a  similar  machine  once 
more. 

The  table  is  16  feet  5  inches  (5  m.)  in  diameter,  with  a  useful 
working  surface  4  feet  11  inches  (I'So  m.)  long;  it  makes  one 
revolution  in  3  J  minutes,  requiring  less  than  y^^  h.-p.  to  work  it. 
The  quantity  of  water  used  is  about  26  gallons  (120  litres)  per 
minute,  and  the  taMe  will  treat  from  5  to  8  tons  of  slime  in  ten 
hours.  As  it  is  made  of  eight  segments  bolted  together,  it  is 
easily  transported  and  erected. 

b.  PercuBsion  and  Shaking  Tables. — The  prototype  of  the  shak- 
ing table  is  the  washing  pan  or  batea,  which,  as  has  already 
been  noted,  acts  not  only  as  a  washer 
but  also   as    a    concentrator.      The  Fig.  669. 

vanning  shovel  is  used  in  a  similar 
way. 

Rittinger's  side -blow  percussion 
table  (Fig.  669)  is  an  inclined  rectan- 
gular platform  suspended  by  the  four 
corners  A  B  C  D,  receiving  blows  and 
bumps  on  the  side.  A  stream  of  orey 
water  S  is  fed  on  to  the  corner  A,  and 
clean  water  W  runs  down  from  other 
headboards  H  H  H.  By  means  of 
cams  upon  a  revolving  shaft,  the  table  v^ 
is  pushed  out  in  the  direction  of  the 
arrow,  and  it  is  then  driven  back  by 
a  spring,  so  that  the  cross-piece  E 
strikes  against  the  bumping-block  L. 
The  light  particles  travel  down 
the  table  much  faster  than  the  «"' 
heavier  ones,  and  taking  a  com- 
paratively straight  course,  leave  the  table  at  K ;  whereas  the 
heavy  and  richer  particles  remain  on  the  table,  subject  to  the 
influence  of  the  side  blows,  for  a  much  longer  time,  and  travel- 
ling along  a  curved  path  reach  the  bottom  at  F.  An  inter- 
mediate product  is  discharged  at  G.  The  exact  degree  of 
richness  or  poorness  can  be  regulated  by  pointers,  strips  of  wood 
which  can  be  turned  so  as  to  divide  the  stream  of  ore  and  waste 
where  thought  most  desirable.  The  great  advantage  of  this 
machine  over  the  old  percussion  frame  is  its  continuous  action. 

The  Rittinger  table  is  the  prototype  of  the  tables  possessing 
the  common  characteristic  of  being  bumped  or  shaken  in  a  direc- 
tion at  right  angles  to  the  flow  of  the  pulp. 

The  Wilfley  shaking  table  is  a  recent  invention  which  has 
gained  much  favour.  The  diagram  (Fig.  670)  shows  the  arrange- 
ment of  the  main  parts.  The  table  is  1 6  feet  long,  and  7  feet  wide 
at  the  one  end,  but  narrows  down  to  about  half  the  width  at  the 
opposite  end  where  the  concentrates  i,  2,  3  are  discharged;  it 
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is  diapoBsd  nearly  horizontally  lengthwise  (the  naj-row  end  being 
slightly  the  higher),  while  it  cun  be  tilted  at  any  necessary  asgle 
traasversely,  the  lower  side  being  that  whete  the  middlings  4, 
and  the  tailings  5  5  are  discharged.  The  working  sui-face  is 
covered  with  linoleum,  and  over  this  are  tacked  a  number  of 
narrow  wooden  strips  or  riffles  running  lengthwise  of  the  table 
about  ij  inch  apart.  The  uppermost  cleat  is  only  about  a. 
yard  long ;   those  below  gradually  lengthen  till  the  lowermost 


extends  the  full  length  of  the  table.  They  are  about  a  |  Inch 
high  at  the  wide  end  of  the  table,  but  taper  down  to  a  feather 
edge  level  with  the  linoleum  towards  the  narrow  end.  The  pulp 
is  fed  on  the  table  from  the  end  A  of  the  trough  AB ;  the  rest 
of  the  trougli  {or  an  equivalent  pijie)  supplies  wash-water.  The 
table  is  supported  on  rollers  and  is  given  a  reciprocating  motion 
lengthwise  by  means  of  a  toggle  device  at  C  (not  shown),  in  such 
a  manner  that  the  stroke  away  from  C  is  slow  at  first  but  be- 
comes very  fast ;  then  returns,  at  first  very  fast,  but  slows  down 
towards  the  end.  The  heavy  particles  in  the  pulp  are  thereby 
jerked  towards  the  narrow  end  of  the  table ;  the  riffles  help  to 
catch  them  and  prevent  their  descent,  while  the  cross-current 
and  the  agitation  cause  the  light  quartz,  itc,  to  be  washed  over 
these  barriers  and  discharged  along  the  lower  edge  as  waste. 
The  specifically  heaviest  of  the  concentrates,  sity  galena,  will  b« 
washed  down  the  table  the  least,  and  will  form  a  separate 
streak,  i  ;  then  will  come  the  next  heaviest,  say  iron  pyrites,  2  ; 
then,  say  blende,  3.  The  middlings,  4,  discharge  into  an  in~ 
clined  gutter  DO,  thence  into  an  elevating  wheel  E,  whereby 
they  are  raised  to  another  gutter  FP,  which  returns  them  to  the 
feed-trough  A  for  re-treatment. 

The  Overstrom  concentrating  table  tsashaking  table  of  some- 
what similar  principle,  which  has  achieved  a  large  measure  of 
succesa 
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The  Buss  vanning  table  is  driven  by  a  shaft  on  which  is  an 
ingenious  adjustable  excentric,  arranged  to  give  a  stroke  of  nil 
to  I  inch.  The  excentric  is  set  to  the  stroke  required  to  suit 
the  mineral  treated,  and  is  driven  at  a  speed  of  260  to  280  re- 
volutions per  minute.  At  the  same  time,  owing  to  the  manner 
in  which  the  table  is  supported  on  inclined  springs,  the  surface 
receives  a  slight  upward  as  well  as  a  forward  motion  at  each 
stroke.  In  this  way  the  table  receives  a  motion  somewhat  like 
that  of  a  vanning  shovel,  causing  the  mineral  to  separate  from 
the  vein  stuff.  The  table  is  not  adapted  for  fine  slimes.  It  has 
proved  very  successful,  making  rich  concentrates  and  clean  tail- 
ings in  one  operation,  at  the  Glitters  United  Mines,  and  at  the 
King  Edward  Mine,  belonging  to  the  Gamborne  School  of  Mines 
in  Cornwall.  The  Ferraris  table,  which  has  proved  successful 
on  the  Continent,  is  similar  in  principle.  The  Sperry  vanning 
table  is  a  circular  rotating  table  to  which  a  vanning  motion  is 
imparted.  The  Bartsch  concentrator  is  a  circular  bumping 
table,  with  revolving  slime  and  water  distributors. 

c.  Travelling  Belts. — We  now  come  to  the  travelling  belts,  of 
which  there  are  many  varieties.  An  early  form  was  that  of 
Brunton,  an  endless  belt  of  canvas  acting  in  the  same  way  as 
the  Frue  vanner,  save  that  there  was  no  shake  sideways.  In 
fact,  the  latter  machine  is  regarded  by  some  as  an  improved 
form  of  the  Brunton  cloth. 

The  Frue  vanner  (Fig.  671)  is   an    endless   band  of  india- 
rubber  cloth,  4  feet  wide  and  27  feet  long,  with  an  upper  work- 
ing surface  of  about  12  feet  in  length.     The  belt  is  supported 
by   a    frame   with   a   number   of 
small  rollers  on  which  it  travels  Fio.  671. 

easily,   and    it    is   driven    slowly      ,\  ^ 
in  the  direction  of  the  arrows  by     /^^r-^^^ — —— t:^* 
the  upper  end  roller  shown  in  the     ^j^^^      ^.^^   ^        ^0 
figure.      The  small  roller  by  the     \    ^^^<^)y^  ~~-^ 

side    of    the    large    one,    which      ^^ — "^ ^  .I-ilU 

dips    into    the    tank,    serves    for 

tightening  up  the  belt  when  required.  The  whole  frame  carry- 
ing the  belt  receives  a  motion  sideways  from  three  little  cranks 
upon  a  small  shaft  running  parallel  to  its  length.  The  pulp  is 
fed  on  by  the  head- board  A,  and  clean  water  by  a  pipe  B.  The 
natural  path  of  the  particles  is  down  the  inclined  belt,  but  those 
which  can  resist  the  action  of  the  stream  of  clean  water  at  B,  go 
over  the  top  end,  and  are  washed  off  as  the  belt  passes  through 
the  tank.  The  poor  stuff  is  discharged  into  the  waste  launder  at 
the  other  end.  The  degree  of  concentration  can  be  regulated 
by  the  slope  and  speed  of  the  belt  and  the  strength  of  the 
streams  of  ore  and  water.  The  Frue  vanner  has  the  disadvan- 
tage that  it  makes  only  two  classes,  rich  and  poor,  without  any 
intermediate  product. 
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The  success  of    the  Fnie  vanner   hag   naturally   biijught  a 
lumber  of  somewhat  similnr  contrivances  into  the  murket.    The 


Embrey  concentrator  may  be  likeneil  to  a  F 
long! tiu]  inn  1  instead  of  a  lateral  shake. 

Stein's  endless  belt,  also  known  aa  the  Ltibrig  concentrator, 
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has  a  totally  diiferent  mode  of  action.  It  resembles  the  Rit- 
tinger  percussion  table  in  its  manner  of  effecting  a  separation, 
but  the  work  is  done  on  a  travelling  belt  instead  of  an  un- 
changing surface.  Stein's  machine  (Figs.  672,  673,  and  674) 
is  a  rectangular  frame  a,  suspended  between  two  posts  p,  by 
rods  t,  at  the  four  corners,  so  that  it  can  swing  in  the  direction 
of  its  long  side.  The  inclination  of  the  frame  can  be  altered 
at  pleasure,  by  the  handle  attached  to  the  crossbeam  /,  which 
works  upon  the  screw  e,  but  the  long  side  always  remains  hori- 
zontal. The  frame  is  drawn  slightly  out  of  position  by  cams 
r,  acting  upon  the  lever  m,  and  as  soon  as  it  is  released  it  is 
pulled  back  against  a  bumping-piece  ^  by  a  spring  n.  The 
frame  has  two  large  rollers  c  c,  and  three  small  ones  under- 
neath, which  carry  an  endless  belt  of  india-rubber/,  the  upper 
part  of  which  is  further  supported  by  the  flat  bed  of  boards  b. 
The  belt  slides  over  this  bed,  and  is  prevented  from  sticking 
to  it  by  a  constant  flow  of  water,  supplied  by  the  pipe  g^  along 
narrow  diagonal  grooves.  One  of  the  end  rollers  is  made  to 
revolve  and  carries  the  belt  with  it.  The  pulp  is  fed  on  by  a 
head-board  k,  and  clean  water  is  turned  on  through  holes  in  the 
pipe  o.  The  direction  of  ti-avel  of  the  belt  is  indicated  by  the 
arrow.  The  concenti-ating  action  is  like  that  of  a  Rittinger 
table.  The  lightest  particles  run  down  at  once,  and  leaving 
the  belt  at  the  right-hand  end  of  the  table,  fall  into  the  first 
compartment  of  the  launder  g,  whilst  the  heaviest  remain  on 
the  table  much  longer,  and  are  finally  discharged  at  the  left- 
hand  end.     Intermediate  products  run  off  in  the  middle. 

(2)  The  second  set  of  appliances  includes  the  buddies  and 
ordinary  percussion  tables. 

a.  Buddies. — The  hand-buddle  is  a  rectangular  wooden  box 
with  a  sloping  bottom.  A  stream  of  pulp  is  fed  in  by  a  head- 
board at  the  upper  end  and  gradually  forms  a  deposit  on  the 
floor  of  the  huddle.  A  boy  with  a  broom  keeps  the  surface  of 
the  sediment  even,  so  as  to  ensure  regularity  of  action.  After 
a  thick  deposit  has  accumulated,  it  is  dug  out  in  sections, 
which  decrease  in  richness  from  the  upper  end  (head)  to  the 
lower  end  (tail). 

c  Round  buddies  bear  the  same  relation  to  hand-buddies  that 
round  tables  do  to  hand-frames.  They  may  be  concave  or 
convex,  but  the  latter  are  the  more  common. 

The  convex  round  buddle  (Figs.  675  and  676)  is  a  circular  pit 
with  a  truncated  cone,  or  head,  of  varying  size  in  the  centre, 
and  a  bottom  sloping  towards  the  circumference.  The  orey 
stream.  A,  falling  over  this  head  runs  down  gently,  depositing 
the  heaviest  particles  near  the  top,  the  lighter  ones  further 
down,  while  the  lightest  of  all  flow  away  at  C.  The  surface  of 
the  sediment  is  kept  even  by  the  revolving  brushes  D.  This 
machine  may  be  compared  to  a  number  of  hand-buddies  arranged 
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iitdiuUy  round  ft  centre.     The  deposit  wlik-h  is  furmed  is  dug 
out  in  rin<!))  of  varying  ricbness. 

Tlie  concave  huddle  is  a  circular  pit  with  the  bottom  sloping 
towards  tlie  centre.     Tlie  stream  of  ore  is  fed  nil   round  the 

¥ia.  675. 


circumference,  and  runs  inwards  towards  the  middle,  where  the 
lightest  particles  escape.  The  rich  head  is,  of  course,  near  the 
circumference. 

I'.  Ordin&rjr  Fercuuion  Table.  —The  ordinary  perciiBsioo 
table,  though  rarely,  if  ever,  seen  in  Oreat  Biitain,  is  still  em- 
ployed in  (lerraauy  and  regarded  with  favour.  Those  familiar 
with  the  hand-buddle  will  understand  what  it  is  like,  if  it  is 
described  as  a  swinging  hand-buddle  which  ia  continually  being 
bumped  at  the  upper  end.  It  is  a  shallow  rectangular  sloping 
wooden  or  iron  tray  suspended  from  the  four  corners,  so  that  it 
ciut  move  backwards  and  forwards  in  the  direction  of  its  length, 
and  as  soon  as  it  lias  been  pushed  out  of  position  by  a  cam, 
it  is  at  once  forced  back  by  a  spring  against  a  fixed  wooden 
bumping-block  at  the  upper  end.     The  pulp  is  fed  on  at  the 
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tippet*  end  by  a  head-board,  and  the  lightest  particles  run  off  at 
the  lower  end,  which  has  no  rim,  whilst  the  heavier  and  richer 
ones  form  a  gradually  thickening  layer  upon  the  bed.  When 
sufficiently  thick,  the  deposit  is  shovelled  off  in  sections  varying 
in  richness  as  they  do  in  a  huddle.  The  bump  assists  in  making 
the  particles  settle,  just  as  it  does  in  the  ''  keeve/'  and  at  the 
same  time,  in  vit-tue  of  the  via  viva  acquired  during  the  back- 
ward stroke  of  the  table,  grains  of  ore  are  constantly  being 
thrown  up  a  little,  as  they  are  with  the  German  hand-washing 
dish. 

Machines  of  this  class  have  two  grave  defects :  careful 
watching  is  necessary,  in  order  to  keep  the  surface  of  the 
deposit  perfectly  even  ;  otherwise  gutters  are  formed,  down 
which  the  water  runs  with  too  great  a  velocity,  carrying  away 
rich  ore  or  depositing  it  near  the  tail  end  when  it  ought  to 
have  subsided  at  the  head.  Secondly,  the  deposit  has  to  be 
shovelled  off,  and  the  parts  requiring  further  treatment  have 
again  to  be  mixed  with  water  and  brought  into  a  proper  con- 
sistency before  they  can  flow  on  to  other  machines.  In  spite  of 
these  drawbacks,  buddies  and  percussion  tables  are  still  largely 
employed. 

(2)  MOTION  IN  AIB. — In  countries  where  water  is  scarce, 
or  where  the  valuable  mineral  is  specially  liable  to  be  affected 
or  carried-  off  by  water,  engineers  have  long  desired  to  employ 
air  as  the  medium  in  which  the  concentration  should  be 
effected. 

In  the  gold-fields  of  Western  Australia  the  concentration  is 
effected  by  hand  by  a  process  of  dry  blowing.  The  method, 
which  has  been  described  by  Mr.  T.  A.  Rickard,  is  simple. 
Taking  two  pans,  the  miner  places  one  of  them  on  the 
ground  empty,  while  into  the  other  he  puts  a  shovelful  of 
auriferous  sand.  The  material  is  shaken  up  so  as  to  bring  the 
big  lumps  on  top,  and  then  resting  the  pan  on  one  knee  and 
holding  it  with  the  left  hand,  the  miner  uses  his  right  hand 
to  skim  off  the  coarse  particles.  Then  standing  up,  facing  at 
right  angles  to  the  wind,  he  slowly  empties  the  full  pan  into 
the  empty  one  at  his  feet.  As  the  stream  of  sand  falls,  the 
wind  blows  away  the  fine  material  in  a  cloud  of  dust.  The 
material  is  further  concentrated  by  tossing  it  up  and  down  in 
the  pan.  Then  giving  the  pan  a  circular  motion  the  miner 
again  skims  off  the  lighter  particles,  leaving  about  half  a  pint, 
which  is  further  diminished  by  panning  just  as  in  water. 
Finally,  he  drops  on  his  knee,  and,  holding  the  pan  so  that  it 
is  tilted  forwards,  raises  it  to  his  mouth,  and  completes  the 
process  with  his  breath.  Machines  of  several  types  are  now 
largely  employed. 

Three  kinds  of  machines  are  used :  the  pneumatic  jig,  the 
fan,  and  the  centi*ifugal  concentrator. 
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A.  Pneumatic  Jig, — The  pneumatic  jig  resembles  the  liy- 
draulic  jig  in  principle  ;  that  is  to  say,  particles  of  minerals 
varying  in  specific  gravity  can  be  separated  if  they  are  lifted 
and  then  allowed  to  fall  again,  provided  that  the  sizes  of  the 
grains  do  not  differ  too  widely,  and  that  the  specific  gravities  do 
not  approach  too  closely.     The  principle  will  be  easily  grasped 

from  a  very  simple  model  (Fig.  677).  A  piece  of  glass 
Fio.  677.  tube  with  the  upper  end  covered  by  net  or  muslin  is 
inserted  into  a  slightly  larger  tube.  The  lower  end 
is  then  connected  to  an  india-rubber  pump,  such  as 
is  used  with  scent  diffusers.  Pour  a  mixture  of  like- 
sized  grains  of  galena  and  sand  on  to  the  sieve,  and 
give  the  pump  a  succession  of  gentle  squeezes.  Puffs  of 
air  are  sent  up  through  the  sieve,  and  the  two  minerals 
arrange  themselves  as  shown,  the  galena  below,  and 
the  sand  above. 

By  using  a  bed  of  fine  shot,  jigging  through  the 
sieve  may  be  carried  out,  the  action  resembling  that 
of  the  Hartz  sand-jigs. 

Krom's  pneumatic  jig,  which  was  introduced  in 
1868  for  treating  silver  ore,  is  a  wooden  chest  in 
which  a  flat  vane  moving  backwards  and  forwards 
sends  a  number  of  rapid  puffs  of  air  through  a  bed  of 
fine  ore,  resting  upon  a  sieve  made  of  short  upright 
tubes  of  wire  cloth,  with  small  spaces  between  them. 
The  fine  ore  is  fed  in  from  a  hopper  on  one  side  of  the 
long  narrow  sieve.     The  repeated  falls  bring  about  a 

separation,  and  the  light  wa!ste  passes 
over  the  edge  of  the  sieve  opposite  to 
the  feed-hopper,  whilst  the  concen- 
trate sinks  down  through  the  inter- 
spaces between  the  sieve  tubes  into  a 
reservoir,  from  which  it  is  drawn  off 
gradually  by  a  fluted  roller.  As  this 
reservoir  is  always  kept  full,  the  rate  of  discharge  and  degree 
of  concentration  can  be  varied  by  altering  the  speed  of  the 
roller.     Baum's  pneumatic  jig  is  similar  in  principle. 

B.  Fans. — A  fan  is  used  in  connection  with  some  grinding 
machines  in  order  to  draw  off  the  powdered  mineral,  and,  in 
dealing  with  a  homogeneous  substance,  the  amount  of  suction 
can  be  regulated  so  as  not  to  draw  the  mineral  out  of  the 
machine  until  it  has  been  sufficiently  pulverised.  If  the  dust- 
laden  air  is  then  discharged  into  a  large  chamber,  the  coarsest 
particles  will  settle  down  first,  whilst  the  finest  will  be  wafted 
to  the  far  end. 

As  an  instance  of  fan-action,  the  dressing  of  phosphate  of 
lime  may  be  mentioned.  Some  of  the  phosphate  of  lime  which 
is  ground  between  millstones  in  France  is  not  passed  through 
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any  sieve  at  all ;  a  fan  is  adjusted  so  as  to  draw  it  away  from 
the  mill  sufficiently  fine  to  be  put  into  sacks  at  once.  Tests  are 
made  from  time  to  time  to  see  that  the  product  is  properly 
ground,  for  it  is  sold  with  the  guarantee  that  not  more  than 
a  certain  percentiige  shall  be  too  coarse  to  pass  through  a  given 
sieve. 

Another  example  may  be  taken  from  some  of  the  fuller's- 
earth  dressing  establishments.  The  eai-th  is  ground  in  a 
mill  and  forced  by  a  fan  into  a  chamber  some  50  feet 
long  by  10  feet  wide,  where  it  drops  upon  the  ground;  the 
deposit  is  shovelled  away  afterwards  in  sections,  which  are 
finer  and  finer  as  one  goes  away  from  the  orifice  through  which 
the  dust  enters.  The  requirements  of  different  customers  can 
-thus  be  satisfied. 

When  a  fan  is  employed  for  drawing  off  the  fine  product 
from  a  mill  or  crusher,  it  likewise  serves  the  useful  purpose  of 
preventing  the  atmosphere  of  the  works  from  being  polluted  by 
noxious  dust. 

C.  Centrifugal  ConcentratorB. — These  concentrators  are  based 
upon  the  fact  that  when  bodies  of  equal  volume  are  whirled 
round,  the  centrifugal  force  developed  is  proportional  to  their 
densities.  Therefore,  if  the  like-sized  particles  are  projected 
by  centrifugal  force  from  a  machine,  the  denser  ones,  with  their 
larger  store  of  energy,  will  be 
better  able  to  overcome  the  resist- 
ance of  the  air  than  those  which 
are  specifically  lighter,  and  will 
consequently  travel  further. 

The  Clarkson-Stanfield  concen- 
trator (Fig.  678)  works  precisely 
in  this  way.  B  is  a  distributor, 
which  is  made  to  revolve  rapidly 
by  its  spindle  C.  The  hopper  A  supplies  it  with  finely 
powdered  and  carefully  sized  ore,  which  escapes  by  a  number 
of  radial  holes.  The  dotted  lines  show  the  paths  taken  by  the 
particles  of  mineral,  which  drop  into  a  series  of  concentric 
troughs  from  which  they  can  be  swept  by  revolving  brushes 
into  discharge-spouts.  In  order  to  work  successfully,  the  ore 
must  be  very  carefully  separated  by  screening  into  particles 
of  approximately  the  same  volume.  The  Pape-Henneberg  ore 
concentrator  is  identical  in  principle  with  that  of  Clarkson  and 
Stanfield. 

A  disadvantage  of  all  pneumatic  dressing  is  that  the  ore  has 
to  be  very  thoroughly  dried,  for  otherwise  the  particles  stick 
together  slightly  and  counteract  the  action  of  the  forces  which 
should  effect  the  desired  seperation. 

(3)  DE8I0CATI0N. — Various  reasons  call  for  the  drying  of 
minerals.     Sometimes  the  mineral  cannot  be  ground  until  it  is 
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freed  from  moisture  ;  in  other  cases  drying  is  advisable  in  order 
to  save  the  payment  of  carriage  upon  a  useless  ingredient ;  it  is 
likewise  necessary  before  a  mineral  is  roasted  in  furnaces,  or 
passed  through  certain  magnetic  separators,  and,  as  lias  just 
been  remarked,  it  is  indispensable  when  the  subsequent  treat- 
ment is  effected  by  a  pneumatic  process. 

Drying  may  be  carried  on  in  one  of  the  following  ways : — 

a.  Exposure  to  the  air. 

b.  Open  fires. 

c.  Heated  floors  or  pans. 

d.  Stoves  or  kilns. 

e.  Filter  presses. 

a.  Air  Drying. — Simple  exposure  to  the  action  of  the 
atmosphere,  under  a  light  roof  as  a  protection  from  occasional 
showers,  is  quite  sufficient  for  the  purpose  of  drying  many 
minerals,  provided  that  the  weather  is  fine.  China  clay  and 
ochre  are  sometimes  dried  in  this  way.  The  roughly  cubical 
clods  are  piled  up  one  above  the  other,  allowing  free  access  of 
air,  and,  if  the  weather  is  favourable,  a  sufficient  amount  of 
moisture  evaporates  naturally  to  render  the  mineral  fit  for  the 
market;  but  a  wet  season  sadly  interferes  with  the  work, 
frost  will  cause  the  clods  to  crumble,  and  artificial  drying 
often  becomes  necessary  in  order  to  satisfy  the  demands  of 
customers. 

In  Chili  the  crystals  of  nitrate  of  soda  are  soon  dried  perfectly 
by  exposure  to  the  atmosphere. 

b.  Open-fire  Drying. — The  phosphate  of  lime  dug  or  dredged 
in  South  Carolina  is  sometimes  dried  by  heaping  it  upon  piles 
of  wood  which  are  set  alight. 

c.  Drying  on  Heated  Open  Floors. — Heated  floors  are  em- 
ployed in  drying  barytes,  fuller's  earth,  and  phosphates  previous 
to  grinding,  other  minerals  previous  to  roasting,  and  china  clay 
previous  to  sale. 

Fig.  679  shows  a  Cornish  "  dry  "  for  china  clay.  The  letters 
/  /  represent  the  "  settling  tanks  "  or  stone-lined  pits  into  which 
the  clay  is  run,  in  the  form  of  a  thin  mud,  after  the  coarsest 
particles  of  the  decomposed  granite  have  been  separated. 
Here  it  forms  a  sediment  of  the  consistency  of  thick  cream, 
which  is  trammed  to  the  "  dry,"  after  the  wat^r  has  been  drawn 
off.  The  drying-house  is  composed  of  the  dry  proper  m  m,  and 
the  storing  sheds  or  "  linhays  "  o  0.  The  floor  of  the  dry  is 
made  of  large  fire-clay  tiles,  which  cover  a  number  of  flues,  each 
about  14  inches  wide,  leading  away  from  the  fireplaces  ««. 
The  tiles  are  5  or  6  inches  thick  over  the  fires,  where  the  heat 
is  greatest,  and  the  thickness  is  reduced  to  2|  or  2  inches  at 
the  other  end  of  the  building.  The  clay  is  trammed  in  along 
the  road  t  /,  and  tipped  on  to  the  floor  or  "  pan  "  m  w,  until  it 
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forms  a  layer  9  inches  thick  at  the  fire-end  and  6  inches  thick 
at  the  stack-end.  The  clay  at  the  fire-end  is  dried  in  24  hours ; 
it  is  cleared  off  and  stored  in  the  shed  0  0,  and  another  charge 
of  wet  clay  ti'ammed  in ;  the  further  the  clay  is  from  the  fire, 
the  longer  it  takes  to  dry,  and  at  the  stack-end,  the  "  pan  '*  can 
be  cleared  and  reloaded  only  twice  or  three  times  a  week.  It 
appears  that  much  more  of  the  moisture  soaks  down  through 
the  tiles  and  is  carried  away  as  steam  by  the  flues  than  evapo- 
rates from  the  surface  of  the  pan,  and  for  this  reason  the  tiles 
are  made  as  porous  as  possible. 

The  open  floors  used  for  drying  phosphate  of  lime  in  the 
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north  of  France  previous  to  grinding  have  the  bed  made  of 
sheets  of  iron.  The  plates  are  about  one  metre  square  and  are 
laid  upon  a  series  of  parallel  flues  formed  of  little  walls  one 
brick  thick.  The  floors  are  often  about  20  metres  long  and  4 
metres  wide.  In  order  to  accelerate  the  process  of  drying,  the 
sandy  phosphate  is  shovelled  over  from  time  to  time  by  men, 
but  the  cost  of  labour  can  be  reduced  by  using  a  mechanical 
hoe  which  performs  the  same  office.  It  is  a  frame  stretching 
across  the  whole  width  of  the  floor,  carrying  a  single  row  of 
broad  blades  or  spades,  which  can  be  inclined  at  any  desired 
angle  to  the  bed ;  it  is  drawn  backwards  and  forwards  by 
machinery.  The  blades  pass  into  the  layer  of  phosphate  on  the 
floor,  heap  up  the  stuff  in  front  of  them,  and  cause  the  particles 
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t«>  m  -ii.t  up,  ai.1  tt.*-n  fail  over  on  to  the  bed  again.  Each 
till-'-  :L^  L  ^  f«».>.'-^s  al-.i.g.  the  stuff  is  shifted  forwanis  a  little, 
^>  ii^it  wi-rn  tLe  fmme  arrives  at  the  end  of  its  coarse,  it 
I  --':.-»  ■  5  a  p»  rri-n  uf  the  di^rge,  which  is  now  drj  enough  for 
ii-.ll:i^.  a.^  i:  Lfc.*  traveilt^l  al<  ug  the  full  length  of  the  bed. 
A-i  the  iLclii^jiti'tn  of  the  U:&des»  can  be  altered,  the  rate  at 
wLi.-L  the  sfiff  is  c:4rrie«l  forwarU  can  be  r^ulated  so  as  to 
pr  1  r.^  or  ^h.«rten  the  drvin^  process?,  as  reqaired.  The 
i«.*.h:i.c  is  iiLvle  to  reverse  it&  tiirection  ot  travel  aatomatically, 
\  -t  it   i  -^  no  stirring  on  the  return  stroke. 

r:.rlrr/^  'irier  is  an  opien  >emi-cvlin<lrical  iron  pan  heated  by 
a  £.-v  l-rl  w^.  it.  which  the  charge  is  stiired  bv  knives  moved 
n^rv^ii.i"-'"*  .*y. 

L  Otorwm  and  XOiib. — The  number  of  kinds  of  enclosed  stoves 
ai.  i  kili.^  empl  ■jt^i  for  drviiisr  mint-rals  is  very  great ;  and  it  is 
e-|"rv*i  %1\\  in  the  cise  c»f  brown  co:il  thxit  the  ingenuity  of 
ir.vr'- :.:r*  Las  Vi-er^n  exercised  to  devi-se  means  of  getting  rid  of 
n;  :^I  ir^.  With  such  a  lar^re  number  of  drying  stoves,  it  is 
a  -^  lut'r'lv  iAece>s&irv  tL-^t  there  ^hould  be  a  classification  of 
S'.me  ki:.  i.  It  L<  p^erLipv^  moc^t  convenient  to  classify  them 
£r^t  y[  al*.  ft-v.^rJir^  to  the  m^>ie  of  heating,  and  then  make  a 
f  .rthrr  s':l'•^•iiTi^ion  aiV».»riiiig  as  kiln  or  furnace  is  stationary 
or  r«^vc4viL^. 


M  «i«   <  BfSL:^ 


Kxs^alDrjis^ 


Inrers  S-e 


b:a::onarT 


I'l.-ect  ti-e  XZ.1  Let  a:r 
H  lair 

H::  air  Jiri  ^feam    . 


Statiooarr 
\  Sia:ionarT 

i  Rev.j'.tice 
Statior.arT 
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I'Americaa     Pbos|hate 
kiln.     FaUers  earth 
-      kiln. 
'  I  Krom*8  stove. 

\Jliebeck*s  store. 
.    Branton*s  faraace. 
.    Baelle's  store. 
.    RDvoldt's  stove. 
.    St-eam  stove. 
.    Schalz's  stove. 
.   Jacobi's  stove. 


A  '-j-n  P'  tfi'.'iif  AVi. — ^The  kilns  employed  for  drjing 
ph-  f-pL  tte  of  lime  in  S^»iith  Carolina  after  washing  are  simply 
reot»4iiiriIar  chamber?,  built  of  brick  and  roofed  with  wood. 
Tr.e  wh  •>  of  iLe  K^tt^m  is  covered  with  a  pile  of  wood,  on  to 
which  the  Wft  ph':i>piiate  is  tippe^i  from  barrows.  The  wood  is 
set  a.ijht  and  flues  supply  it  with  air  for  combustion.  Each 
kila  L/. is  from  idcx)  to  1200  tons  of  phosphate;  the  fijre  boms 
out  in  fr^m  two  to  five  days,  and  the  phosphate  is  then  ready 
for  expert. 

/'.  - r.<  E'liu  Kill. — ^The  fullers  earth  kiln  may  be  taken  as 
another  exanu»le  of  the  first  class.  It  is  a  brick  or  stone  build- 
ini:  aUjui  ^6  feet  loot:  and  15  feet  wide,  with  an  arched  roof  of 
brick  (Fig.  6S0)  or  a  sloping  roof  of  slate.     About  9  feet  above 
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the  bottom  is  a  floor  a,  made  of  cast-iron  plates  full  of  holes 

about  I  inch  in  diameter,  underneath  which  are  two  sets  of 

sloping  shelves,  made  of  sheets  of  iron,  b  b,  c  c,  which  can  be 

taken  out  at  pleasure  ;  ^/  is  a  deep  flue  bringing  in  air  from  the 

outside,  and  having  two  openings  in  the  kiln,  covered  with^fire 

bars,  upon  each  of  which  a  coke 

fire,  e,  is  maintained.      A  sheet 

of  corrugated  iron,  /,  is  hung  up 

over  each  fire,  in  order  to  prevent 

the   clay   immediately    above    it 

from   being  too  strongly  heated. 

Both  the  upper  and  lower  floors 

of  the  kiln  can  be  entered  by  large 

doors.     The  charging  is  all  done 

from   the   floor  a ;   a  few  of  the 

plates  are  taken  up  on  each  side, 

the  sheets  ft  b  removed,  and  clay 

is  wheeled  in  barrows  along  a  and 

tipped  on  to  r.     The  plates  b  are   ^^^U'y^ '"''■'• 

replaced    and    similarly    covered 

with  a  charge  of  clay,  and  finally 

a  receives  a  layer  of  damp  clay 

6  or  8  inches  thick.     The   doors 

are  shut  and  the  fires   lighted ; 

though  the  heat  is  considerable, 

it  is  not  enough  to  prevent  men 

going  in  from  time  to  time  to  put  on  more  fuel  if  required. 

The  moisture-laden  air  ascends  and  escapes  thiough  the  roof 

Atg, 

Kroins  Stove. — Krom's  stove  has  a  series  of  inclined  shelves, 
something  like  those  of  the  Hasenclever  furnace,  down  which 
the  mineral  gradually  makes  its  way  under  the  action  of  gravity, 
while  exposed  to  the  direct  action  of  the  hot  gases  coming  from 
a  fire. 

Rieheck's  Stove, — Riebeck's  "Tellerofen"  consists,  as  its 
German  name  denotes,  of  a  number  of  superposed  circular 
plate-like  shelves ;  a  centi*al  revolving  shaft  cai-ries  arms  with 
teeth  or  knives  which  alternately  cause  the  mineral  to  travel 
outwards  and  inwards  until  it  reaches  the  bottom  of  the  kiln. 
Diu*ing  all  this  time  it  is  subjected  to  the  action  of  the  hot 
gases  coming  from  a  fire  below. 

Brunton's  Fnimaee. — ^Though  Brunton's  calciner  (Fig.  696)  was 
invented  for  the  purpose  of  roasting  ores,  driers  have  been 
constructed  upon  the  same  principle ;  the  stove  is  a  circular 
revolving  horizontal  bed,  with  teeth  fixed  above  it  which  cause 
the  mineral,  fed  in  at  the  centre,  to  travel  gradually  to  the 
circumference.  A  fireplace  on  one  side  sends  the  products  of 
combustion  directly  upon  the  mineral.     This  stove  is  used  for 
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phosphate  of  lime,  besides  being 
employed  in  the  mADufiicture of 
putent  fuel. 

notary  Driei-g. — Ruelle's  re- 
Tolring  drier  (Fig.  68 1),  on  the 
other  hand,  recalls  the  Uockin 
and  Oxtand  cslciner.  It  is 
made  of  two  long  truncated 
cooes  of  boiler-plate,  one  iuside 
the  other;  the  inner  one  i» 
destined  for  the  drying  proper, 
and  the  outer  one  allows  the 
very  hot  mineral  to  cool 
down  a  little  before  it  is 
dischai^ed  and  sent  to  be 
ground. 

The  outer  shell  runs  upon 
friction  rollers,  and  both  it  and 
the  inner  case  have  internal 
pi'ojecting  spiral  blades,  which 
lift    the    mineral  a   little  and 

•  cause  it  to  travel  along.  At 
one  end  there  is  a  fireplace ; 
at  the  other  a  charging  hopper 
and  a  dust  -  chamber.  The 
mineiul  fed  by  the  hopper  into 

-  the  inner  cooe  is  gradually 
brought  along  by  the  spiral 
blades  towards  the  Sre-end, 
whilst  it  is  being  exposed  to 
the   hot  gases  of   the  Gre,   trn 

'  well  as  to  a  current  of  hot  air 

:  blown  in  by  a  fan.  and  hented 
by  its  passage  through  pipes  at 
the  side  of  the  fireplace.  On 
reaching  Uie  fire-end  of  the 
inner  cone,  the  mineral  falls 
through  one  of  four  holes  into 
the  outt^r  shell,  and  is  now  con- 
veyed back  by  spiral  blades  to 
the  other  end,  where  it  di-ops 
into  the  pit  of  an  elevator, 
which  lift^  it  high  enough  for 
the  hopper  of  the  mills.  Any 
dust  carried  off  by  the 
draught  is  deposited  in  a 
chAml>er  built  for  that  pur- 
pose.     This    drier    does    good 
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work  at  phosphate  mills.  Numerous  other  patterns  of  rotary 
driers  are  in  use. 

Many  of  the  brown-coal  driers  are  specially  designed  so  that 
the  products  of  combustion  of  the  fire  do  not  come  into 
contact  with  the  mineral,  for  fear  the  charge  might  be  ignited 
accidentally.  This  difficulty  does  not  crop  up  with  many  of  the 
other  minerals  which  have  to  be  dried,  though  it  is  important 
with  some  that  the  degree  of  heat  to  which  they  are  exposed 
should  not  be  too  great.  The  tunnel-dner  is  often  of  service.  It 
consists  of  a  furnace  which  heats  air  either  forced  or  drawn  by 
a  fan  into  tunnels  provided  with  rails  on  which  special  trucks 
run  containing  the  material  to  be  dried. 

(4)  FUSION. — The  miner  resorts  to  melting  as  a  purifying  or 
preparatory  process  in  treating  amber^  antimony  ore,  asphalt, 
ozokerite,  and  sulphur;  and  in  the  very  exceptional  case  of 
carbonic  acid,  a  gas  is  compressed  to  the  liquid  state. 

Small  lumps  of  amber,  after  having  had  the  dark  outer  rind 
dissolved  away,  are  melted  together  before  being  sold  to  the 
varnish  merchants. 

The  liquation  of  antimony  ore  is  usually  regarded  as  a  metal- 
lurgical process,  and  the  process  may  be  dismissed  here  in  a  very 
few  words.  It  is  based  upon  the  easy  fusibility  of  stibnite. 
The  impure  ore  coming  from  the  mine  is  subjected  to  the  action 
of  heat  in  pots  or  tubes ;  the  stibnite  melts,  trickles  away  from 
the  earthy  matters  with  which  it  is  mixed,  runs  into  moulds  and 
is  allowed  to  cool  gradually,  furnishing  the  crude  antimony  of 
commerce. 

Trinidad  pitch  is  purified  or  refined  in  the  island  by  being 
melted  in  iron  pans ;  much  of  the  intermingled  earthy  matter 
sinks,  and  the  supernatant  comparatively  pure  product  is  ladled 
out  into  moulds. 

Asphalt  rock  is  prepaied  for  the  market  by  melting  it  up  with 
Trinidad  pitch,  or  pitch  obtained  from  bituminous  stindstone,  in 
the  proportion  of  i  of  pitch  to  14  of  the  finely  crushed  rock. 
When  the  mixture  has  become  pasty,  it  is  cast  into  blocks 
weighing  about  |  cwt.  each.  These  are  now  ready  for  sale  for 
making  pavements. 

The  sponge-like  masses  of  gold  obtained  by  the  distillation 
of  amalgam  are  melted  in  crucibles  and  cast  into  ingots  for 
sale. 

The  comparatively  clean  pieces  of  ozokerite,  which  have  been 
picked  out,  below  and  above  ground,  and  scraped  clean,  are  more 
fully  purified  by  melting ;  the  heavy  refuse  sinks  to  the  bottom, 
whilst  the  pure  wax  is  decanted  off  and  poured  into  cylindrical 
moulds. 

By  far  the  greater  portion  of  the  native  sulphur  of  Sicily  is 
extracted  from  the  limestone,  or  other  rock  by  which  it  is 
accompanied,  by  a  simple  process  of  liquation  in  kilns;   the 
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necessary  heat  is  produced  by  the  combustion  of  part  of  the 
sulphur  in  the  rock,  it  being  cheaper  in  Sicily  to  do  this  than  to 
import  fuel.  The  **  calcarone/*  or  large  kiln  (Figs.  682  and  683), 
as  distinguished  from  the  **  calcarella  "  or  small  one,  is  a  circular 
pit  surrounded  by  a  wall,  having  a  sloping  bed  leading  to  a 
rectangular  aperture  in  front.  The  bed  is  covered  with  a  layer 
of  burnt  refuse  {gtnese)  from  a  previous  operation,  which  is 
stamped  down  hard.  The  charging  proper  then  begins,  the 
large   lumps  are   placed   on   the    bottom,   and   various    small 

Fig.  682. 
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vertical  chimneys  are  left  as  passages  for  the  air;  when  the 
"  calcarone  "  is  full  up  to  the  level  b  0,  the  mineral  is  heaped  up 
so  as  to  form  a  conical  pile  h  c  d  e^  which  is  covered  over  with  a 
layer  of  fine  '^ginese."  The  thickness  of  the  outer  covering  of 
refuse  varies  according  to  the  season.  The  total  charge  of  a 
large  '*  calcarone  "  may  be  as  much  as  3000  tons.  The  aperture 
/  in  front  is  closed  with  a  thin  wall,  built  with  plaster  of  Paris, 
and  the  charge  is  lit  at  the  little  chimneys.  The  heat  produced 
by  the  combustion  of  part  of  the  sulphur  liquefies  the  remainder, 
which  gradually  runs  down  the  bed  to  the  front  wall,  and  is 
either  tapped  from  time  to  time  or  is  allowed  to  escape  con- 
tinuously into  moulds.  Some  of  the  large  '*  calcaroni  '*  take  thre^ 
months  before  they  are  burnt  out  completely. 
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It  is  reckoned  that  one-third  or  even  two-fifths  of  the  sulphur 
in  the  rock  is  consumed  in  liquefying  the  part  that  is  obtained. 
This  immense  loss  of  such  a  valuable  material  has  very  naturally 
caused  inventors  to  turn  their  attention  to  cheaper  methods  of 
extraction ;  but  even  as  late  as  the  year  1 889,  nearly  seven- 
eighths  of  the  total  quantity  of  sulphur  obtained  in  Sicily  was 
extracted  by  the  "  calcarone  "  process.  A  little  was  got  by  a 
steam  extractor  and  about  10  per  cent,  of  the  total  production 
by  Gill's  regenerative  furnace  ;  the  former  is  an  iron  vessel  into 
which  steam  is  conducted  after  it  has  been  filled  with  mineral ; 
the  sulphur  melts  under  the  action  of  heat  and  runs  out  at  the 
bottom. 

Rich  sulphur  rock  is  sometimes  subjected  to  distillation  in 
iron  retorts  in  order  to  extract  the  valuable  element  with  less 
loss  than  that  of  the  kilns,  and  the  process  is  also  employed  in 
expelling  mercury  from  amalgam. 

It  may  incidentally  be  mentioned  that  a  fusion  method  has 
been  applied  in  sulphur  mining.  A  new  method  of  sulphur 
mining  shown  in  the  Louisiana  Court  at  the  St.  Louis  Exhibition 
in  1904  has  been  described  by  Professor  Bauerman.  The 
deposit,  a  limestone  containing  native  sulphur,  occurs  in  the 
western  part  of  the  State,  being  a  continuation  of  the  oil-bearing 
limestone  of  the  Beaumont  district.  Attempts  to  reach  the  bed 
by  sinking  a  shaft  failed,  through  the  occurrence  of  a  heavy 
quicksand  a  short  distance  below  the  surface.  A  method  has 
been  devised  for  raising  the  sulphur  in  a  melted  condition.  For 
this  purpose,  a  line  of  bore-holes  from  6  to  8  in.  in  diameter  is 
put  down  to  the  rock^  and  superheated  steam  is  forced  down 
through  an  inner  tube  of  smaller  diameter.  The  sulphur 
melted  out  of  the  rock,  together  with  the  condensed  water,  col- 
lect in  the  bottom  of  the  hole,  and  are  forced  up  to  the  surface 
by  compressed  air  introduced  through  a  third  central  pipe.  The 
discharged  material  is  collected  in  temporary  reservoirs  (with 
plank  sides)  from  5  to  8  ft.  deep,  where  it  rapidly  solidifies,  the 
mass  being  broken  up  as  in  ordinary  quarrying  when  required 
for  shipment.  The  output  obtained  by  this  very  simple  method 
is  extremely  large,  the  yield  from  a  bore-hole  being  at  the  rate 
of  14  to  18  tons  per  hour.  Crude  oil-fuel  is  used  for  steam 
raising,  150  barrels  being  sufficient  for  raising  500  tons  of 
mineral.  The  present  yield  is  about  1000  tons  per  day,  the 
sulphur  being  of  the  highest  degree  of  purity.  A  single  bore 
will  command  an  area  of  ground  about  300  ft.  in  diameter. 

In  order  to  produce  a  commercial  article  suitable  for  despatch 
to  a  distance,  the  natural  carbonic  acid  of  Germany  is  com- 
pressed into  the  liquid  state.  The  gas  coming  from  the  bore- 
hole is  led  to  a  double  pump.  The  first  pump  compresses  the 
gas  to  a  certain  extent,  and  forces  it  through  a  worm  in  a 
cooling  tank ;  a  second  pump  then  takes  up  the  process,  and 
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compressing  the  gas  still  further  sends  it  through  a  second 
cooling  worm  into  strong  bottles,  made  of  wrought  iron  or  steel, 
in  which  the  actual  liquefaction  takes  place  at  a  pressure  of 
31  atmospheres. 

The  bottles  are  of  four  sizes,  for  holding  4,  8,  10,  or  20  kilo& 
of  liquid  acid.  An  8-kilo.  bottle  weighs  37  kilos,  when  empty, 
or  45  when  full ;  the  dead  weight  which  has  to  be  transported  is 
therefore  very  great 

(5)  MAGKBTIC  ATTRAGTIOK — Magnetism  is  applied  in 
dressing  either  for  treating  poor  iron  ores,  in  order  to  produce 
a  concentrate  richer  in  metal  and  freer  from  noxious  elements 
than  the  crude  material,  or  for  extracting  magnetic  particles 
from  ores  of  bismuth,  copper,  gold,  lead,  or  zinc,  in  which  iron 
minerals  play  the  part  of  troublesome  refuse. 

The  machines  for  treating  ores  magnetically  may  be  classified 
as  follows : — 


Kind  of  Madhbie. 

Name  of  Inventor  or  Machine. 

Mode  of  Working. 

r        o.  Chase 

Wet  or  dry. 

a'.  Bdison 

Dry. 

6.  Conkling 

Wet. 

Endless  belt 

c.  Hoffman 

Dry. 

d,  Eessler 

ft 

• 

e,  Lovett-Finney 

Wet. 

^        /.  Wetherill 

Dry. 

g,  Ball-Norton  ("Monarch") 

k.  Buchanan 

Rolls       

t.  Friederichssegen 

j.  King 

k,  Wenstrom 

I,  Edison 

Deflection 

m,  Mechernich 

n.  Orondal 

Wet. 

Circular  table    ... 

0.  Eroding 

Wet. 

Endless  Belts. — (a)  The  Chase  separator  (Fig.  684)  has  two 
endless  belts  with  magnets  underneath.  A  B  are  two  revolv- 
ing iron  rollers  4  inches  in  diameter  and  3  feet  long,  converted 
into  magnets  by  electric  ciurents,  and  the  space  between  them 
is  occupied  by  a  stationary  electro-magnet ;  C  is  a  driving  pulley, 
and  D  a  tightening  pulley.  A  cotton  belt  is  made  to  travel 
.round  these  four  pulleys  in  the  direction  shown  by  the  arron?. 
F  is  another  magnetic  roller,  and  G  a  driving  pulley  for  the 
second  belt,  travelling  as  shown. 

The  ore  is  fed  on  to  the  belt  at  the  point  E,  and  on  arriving 
at  A  the  non-magnetic  waste  is  thrown  off  by  centrifugal  force, 
whilst  the  magnetic  particles  are  attracted  and  held  against  the 
belt.  All  the  time  they  are  passing  from  A  to  B  they  are  sub- 
ject to  the  influence  of  the  electro-magnet,  and  owing  to  its 
construction  they  come  under  the  influence  of  a  succession  of 
poles  alternating  in  polarity.     This  causes  the  particles  to  tarn 
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over  constantly  and  so  free  themselves  from  the  Don- magnetic 
or  slightly  magnetic  grains,  which  fall  into  the  compartment 
immediately  below  the  belt,  destined  for  the  middlings  The 
thoroughly  magnetic  particles  travel  with  the  helt  to  B,  and  as 
it  moves  up  and  the  influence  of  B  becomes  less  sensible,  they 
are  attracted  by  the  third  magnetic  roller  F,  and  at  last  leaping 
across  the  small  intervening  space,  they  are  carried  up  the  belt 
to  G,  where  they  drop  off  into  the  box  containing  the  "  heads." 
In  making  the  little  jump  from  B  to  F  they  still  further  free 
themselves  from  incompletely  magnetic  middlings.     Edison  has 
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devised  a  separator  similar  in  principle  for  the  final  treatment 
of  re-crushed  concentrates. 

{b)  The  Conlcling  machine  (Fig.  685)  is  an  inclined  endless 
belt  ti^velling  upon  a  roller  at  each  end,  with  stationary  electro- 
magnebs  E  E  under  the  upper  half.  The  ore  is  fed  on  from  a 
hopper,  and  is  subjected  to  the  action  of  a,  stream  of  water  ;  this 
washes  down  the  non-magnetic  particles,  whilst  the  magnetite 
adhering  to  the  belt  is  carried  over  the  top  end.  The  Conlcling 
machine    may    therefore    be 

looked   upon    as   a    Brunton  Fio.  686. 

separator  in  which  the  rich 
grains  are  held  against  the 
belt  by  magnetic  attraction, 
and  thus  enabled  to  resist 
the  force  of  the  stream  of 
water. 

(c)  The  Hoffman  sepamtor 
(Fig.  686)  is  an  endless  belt 
arranged horizontallyupon  the 
two  drums  A  and  B,  provided 

with  two  sets  of  magnets.  The  magnets  C  and  also  those  inside  the 
drum  B  have  their  poles  arranged  alternately.  When  the  ore 
is  fed  on  to  the  belt  from  the  hopper,  it  travels  along  over  the 
magnets  C,  and  is  subject  to  magnetic  attraction  varying  in 
amount,  according  to  the  distance  from  the  pole,  and  also  in 
polarity.  This  action  tends  to  make  the  magnetic  particles 
group  themselves  into  a  layer  resting  immediately  upon  tho 
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belty  whilst  the  non-magnetic  particles  lie  upon  the  top.  On 
arriving  at  B  the  latter  are  easily  thrown  off  by  centrifugal 
force,  and  fall  into  the  compartment  E,  whilst  the  magnetic 
grains  still  cling  to  the  belt.  Those  which  are  incompletely 
magnetic  drop  at  F ;  a  better  product  is  collected  at  G,  and  a 
clean  concentrate  at  H.  The  partitions,  which  separate  the 
waste  and  divide  the  orey  shower  into  classes  of  varying  rich- 
ness, can  be  set  so  as  to  obtain  any  kind  of  classification  which 
is  most  suitable  to  the  ore  under  treatment.  A  blast  of  air  is 
drawn  along  the  face  of  the  belt  in  the  opposite  direction  to 
that  of  its  travel,  and  helps  to  set  free  any  non-magnetic  grains 
caught  up  between  the  others. 

(d)  Kessler,  of  Oberlahnstein,  is  the  inventor  of  a  machine 
acting  in  a  totally  different  manner  (Fig.  687).  It  is  a  broad, 
endless  belt  or  chain,  armed  with  a  number  of  iron  points,  travel- 
ling over  the  two  rollers  A  and  B ;  the  former  is  an  electro- 
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magnet,  the  latter  is  made  of  wood.  The  stuff  falls  from  the 
hopper  F  into  the  conveyor  C,  which  feeds  it  across  the  whole 
width  of  the  cylinder  A,  and  then  drops  into  the  curved  gutter  G, 
where  the  iron  points  are  drawn  through  it  as  the  belt  revolves^ 
The  points,  while  under  the  influence  of  the  electro-magnet  A^ 
pick  up  the  magnetic  particles,  and  let  them  drop  into  the 
compartment  E  on  losing  their  power,  while  the  non-magnetic 
particles  fall  at  D.  The  partition  between  can  be  placed  in  any 
suitable  position.  This  machine  has  been  used  in  Spain  for 
separating  iron  ore  from  calamine,  after  the  former  has  been 
made  magnetic  by  a  reducing  calcination. 

(e)  The  Lovettr Finney  machine  (Fig.  688)  in  some  ways  re- 
sembles the  Gonkling  separator.  It  is  a  wet  machine,  consisting: 
of  an  endless  canvas  belt  travelling  upon  two  drums,  A  and  B, 
one  of  which,  A,  has  its  outer  surface  made  of  bars  of  iron ;  the-se 
become  magnets  of  alternate  polarity,  as  they  are  connected  alter- 
nately with  the  iron  discs  forming  the  ends  of  the  drum,  which 
form  the  poles  of  an  electro-magnet.  The  ore  is  fed  against  tlie 
belt  about  half-way  up  the  magnetic  drum  A,  and  as  the  l>elt 
revolves  with  the  drum,  the  magnetic  particles  are  carried  up. 
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whilst  the  non-adherent  waste  is  washed  off  by  a  stream  of 
water.  The  concentrate  is  conveyed  over  the  pulley  B  into  a 
tank,  and  drops  off,  as  it  is  no  longer  subject  to  the  attractive 
force. 

(/)  The  Wetherill  machine  marks  the  beginning  of  a  new 
era  in  the  history  of  magnetic  dressing.  It  will  not  only 
separate  magnetite  and  magnetic  pyrites  from  worthless  matter 
or  from  ores  in  which  their  presence  is  objectionable — work 
which  previous  inventions  had  been  adapted  to  perform — but  it 
will  sort  out  many  minerals  hitherto  considered  non-magnetic 
or  only  feebly  magnetic.  Among  these  may  be  mentioned 
specular  iron,  hsematite,  lazurite,  copper  pyrites,  fahlerz,  zinc 
blende,  monazite,  wolfram,  apatite,  and  ferruginous  minerals, 
such  as  mica,  serpentine,  and  asbestos.  This  result  has  been 
obtained  by  an  important  modification  in  the  design  of  electro- 
magnets so  as  to  obtain  a  very  intense  magnetic  field ;  the 
magnet-cores  are  made  very  large  and  are  provided  with 
special  pole-pieces 

Fig.  689. 
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brought  very  close 
together  and 
bevelled  to  a  thin 
rounded  edge 
where  they  ap- 
proach one  an- 
other. Fig.  689 
shows  one  form 
of  the  Wetherill 
machine  adapted 
for  treating  fine 
ore.  A  large  elec- 
tro magnet  has  its 

wedge-shaped  pole  enclosed  between  the  two  poles  of  a  piece  of 
wrought  iron.  When  a  current  passes  through  the  coil,  a  powerful 
magnetic  field  is  generated  where  the  three  edges  come  together. 
The  ore  contained  in  a  hopper  is  fed  by  a  revolving  roller  on  to 
a  belt  B,  which  passes  around  two  rollers.  The  roller  R  is  so 
arranged  that  the  belt  discharges  its  contents  within  the 
magnetic  field.  Non-magnetic  particles  drop  at  once,  whilst  the 
magnetic  particles  are  carried  towards  the  poles,  and  would 
stick  to  them  were  it  not  for  the  belt  B'  revolving  round 
the  two  rollers  N  and  M.  The  magnetic  particles  travel  a  little 
way  with  the  belt,  and  finally  drop.  By  arranging  partitions 
three  products  may  be  made — for  example,  spathic  iron  ore  in 
the  left-hand  compartment,  blende  in  the  right-hand  one,  and 
an  intermediate  product  between  them,  if  the  machine  is  being 
used  for  the  separation  of  spathic  iron  ore  and  blende.  Several 
other  forms  of  Wetherill  separators  are  made,  and  one  of  them 
can  be  employed  for  ores  in  the  wet  state.     In  a  similar  manner 
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blende  or  copper  ore  may  be  Beparated  from  m>n  pjritea,  blende 
from  copper  ore,  garueto  and  titaaiteroua  iron  ore  from  diamonds, 
wolfram  from  tin  ore,  and  monazite  from  quartz. 

{g)  Solla. — In  the  Monarch  machine  (Fig.  690}  the  mag- 
netic particles  are  drawn  against  revolving  drums  made  of  paper 
pulp,  instead  of  being  attracted  to  the  surface  of  a  canvas  belt 
There  are  two  drums,  A  and  B,  revolving  in  the  Bame  direction, 
in  each  of  which  are  arranged  electro-magnets  capable  of  hold- 
ing magnetic  particles  against  a  certain  portion  of  the  under 
surface.  As  usual,  the  magnets  are  alternate  in  polarity.  The 
ore  is  fed  from  the  hopper  C  against  the  roll  A,  the  tails  drop 
at  once  into  D,  and  the  adherent  magnetite  travels  along  with 
the  roll  till  it  begins  to  leave  the  magnetic  field ;  the  centri- 
fugal force  now  overpowers  the  magnetic  attraction,  throwing 

Fio.  690.  Fio.  691. 


the  gi-ains  against  the  roll  B.  Those  which  are  completely 
magnetic  attach  themselves  to  B,  while  ore  mixed  with  waste 
falls  into  the  compartment  £ ;  lastly,  the  clean  magnetite,  on 
escaping  from  the  influence  of  the  magnets,  yields  once  more  to 
the  centrifugal  force  and  is  deposited  at  P.  A  strong  current 
of  air  is  being  constantly  drawn  through  the  machine  in  tbe 
opposite  direction  to  the  travel  of  the  ore  and  assists  in  the 
cleaning. 

{k)  The  Buchanan  separator  (Fig.  691)  is  made  of  two  cast- 
iron  rolls,  revolving  in  opposite  directions,  supported  on  the  ends 
of  an  electro-magnet ;  the  two  rolls  thus  become  the  poles  of  a 
huge  horse-shoe  magnet,  and  the  magnetism  is  most  stronglv 
developed  where  they  most  closely  approach  each  other.  Xs 
the  ore  drops  down  between  the  rolls,  the  magnetic  particles  Q\ 
to  them,  and  are  carried  along  until  they  fall  off  at  the  side^, 
when  the  centrifugal  force  overpowers  the  now  ditaiQishiDcr 
magnetic  attraction.  The  poor  non- magnetic  particles  fall 
vertically. 
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(t)  Zinc  blende  found  mixed  with  chalybite  at  Friederichs- 
segen  was  formerly  roasted,  so  as  to  convert  the  latter  mineral 
into  magnetite,  and  then  treated  in  the  machine  shown  in  Figs. 
692  and  693.  It  is  composed  of  a  brass  cylinder  A,  with  a 
number  of  little  ridges  S,  parallel  to  the  axis,  and  four  sets  of 
stationary  electro-magnets  B.  T  is  the  ore-hopper  which 
supplies  the  feeder  D :  this  is  a  sheet-iron  tray,  which  is  made 
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to  oscillate  by  cams  upon  a  little  shaft  driven  by  the  pulley  Q. 
P  is  the  main  belt  pulley  upon  H,  the  shaft  of  the  brass  drum, 
and  R  is  a  pulley  which  drives  Q  by  a  belt.  A  regular  stream 
of  fine  ore  is  fed  against  the  brass  cylinder  by  the  feeder  D,  and 
the  grains  of  blende  at  once  fall  into  the  compartment  Z ;  the 
magnetic  oxide  of  iron  is  held  against  the  cylinder  by  the 
attraction  of  the  electro-magnets,  and  is  carried  over  by  the 
little  longitudinal  ridges  until  it  falls  into  the  compartment  F. 

(j)  In  King's  separator  the  ore  is  fed  upon  a  thin  brass  plate 
which  reciprocates  over  a  set  of  permanent  magnets  forming  a 
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sloping  table.  The  magnetic  particles  tend  to  rise  to  the  surface 
whence  they  are  picked  off  by  another  set  of  permanent  magnets 
forming  a  revolving  drum. 

(k)  The  Wenstrom  is  a  Swedish  machine,  which  has  been  in 
use  at  Dannemora  and  other  mines  for  some  years  (Fig.  694). 

It  has  a  stationary  electro-magnet  A,  and  a 
Fio.  694.  revolving  armature  barrel  B,  consisting  of  a 

number  of  soft  iron  bars  separated  by  strips  of 
wood.  The  electro-magnet  lies  on  one  side 
of  the  centre  of  the  barrel,  so  that  the  iron 
bars  of  the  armature  become  magnetised  only 
during  part  of  the  revolution.  C  is  a  tray 
feeding  the  ore  on  to  the  top  of  the  barrel, 
D  a  shoot  for  the  non-magnetic  particles,  and 
E  the  shoot  for  the  concentrate.  The  magnetic 
grains  adhere  to  the  soft  iron  bars  when  these 
are  close  to  the  electro-magnet,  and  are  carried  past  D  as  the 
barrel  revolves ;  as  the  bars  recede  from  the  electro-magnet,  they 
lose  their  power  and  let  the  iron  drop  into  E. 

(/)  Deflection. — The  simplest  of  all  magnetic  separators 
is    one    devised    by    Edison  (Fig.   695).      It    is  based  upon 

the   fact   that   if    a    thin    sheet    of    finely 
Fio.  695.  crushed      ore      drops      past      a      powerfi^ 

electro  -  magnet,  the  magnetic  particles 
will  be  drawn  towards  it  and  deflected 
from  their  direct  downward  path,  whereas 
the  non-magnetic  particles  will  fall  vertically. 
If  a  partition  is  fixed  in  a  suitable  manner, 
the  concentrate  falls  on  one  side  and  the 
waste  on  the  other.  Diagrammatically  the 
machine  may  be  shown  thus :  A  A  represents 
the  electro-magnets,  B  a  hopper  delivering 
the  fine  ore  through  a  long  narrow  slit ;  C 
is  a  thin  partition.  The  waste  falls  vertically 
into  the  compartment  D,  and  the  iron  ore 
into  E. 
(m)  The  Mechernich  separator  is  similar  in  principle  to  that 
of  Edison. 

(n)  For  the  magnetic  concentration  of  low-grade  magnetite 
in  the  form  of  slime  the  Grl5ndal  separator  has  been  successfully 
used  at  Pitkaranta  in  Finland  since  1894.  The  ore  is  broken  in 
stone-breakers  and  then  crushed  in  ball-mills,  the  slimes  going 
to  the  Grondal  separators.  These  have  a  vertical  axis  with  a 
series  of  five  rings  of  mild  steel.  In  the  spaces  between  each 
two  is  wound  the  copper  wire  conveying  the  electric  current,  so 
arranged  that  the  lower  rings  are  more  strongly  magnetic  than 
the  upper  ones.  The  copper  wires  are  protected  from  moisture 
by  brass  rings.     The  slime  is  carried  to  the  machine  by  means 
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of  a  launder  and  fed  on  to  about  a  quarter  of  the  circumference 
by  circular  launders  at  each  ring.  Further  water  is  supplied  by 
a  pipe  at  the  top  to  wash  ofP  the  unmagnetie  portions.  The  mag- 
netic material  is  removed  from  the  rings  by  means  of  a  solid  drum 
of  wood  studded  with  five  rings  of  iron  pegs^  each  ring  of  which 
revolves  exactly  opposite  a  ring  of  the  separator.  The  separator 
makes  25  revolutions  per  minute  and  the  drum  225  revolutions 
per  minute  in  the  opposite  direction,  the  magnetite  being 
removed  in  consequence  of  the  induced  magnetism  in  the  iron 
pegs.  The  ton  of  ore  containing  30  per  cent,  of  iron  yields 
0*425  ton  of  slime  with  61  per  cent,  of  iron.  The  cost  of 
concentration  is  5s.  2d.  per  ton  of  slime. 

(o)  Froding's  magnetic  separator,  which  has  been  used  with 
success  at  Herrang,  is  practically  a  convex  slime  table  with  a 
series  of  underlying  magnets  extending  round  six-sevenths  of 
the  circumference.  The  magnetic  particles  adhere  to  the  surface 
of  the  table,  while  the  non-magnetic  particles  are  washed  off. 

Magnetic  separators  are  chiefly  used  for  concentrating  the 
magnetite  from  ores  that  are  too  poor  to  go  to  the  furnace  in  the 
crude  state. 

The  Namaqua  Copper  Company  use  King's  magnetic  separator 
for  extracting  the  magnetite  which  is  mixed  with  bornite  and 
chalcopyrite,  in  order  to  obtain  a  product  richer  in  copper. 

In  a  similar  manner  a  magnetic  concentrator  of  the  Ball- 
Norton  type  has  been  employed  in  Queensland  for  treating  a 
mixed  concentrate  of  magnetite  and  bismuth  ore,  obtained  by  a 
wet-dressing  process.  The  percentage  of  bismuth  is  raised  in 
this  way  from  10  or  12  to  20  per  cent. 

On  a  small  scale,  the  magnet  is  of  service  for  extracting 
magnetic  particles  when  washing  samples  of  tin  ore  on  the  van- 
ning shovel,  or  gold  in  the  batea. 

(6)  SURFACE  ADHESION.  —  Diamonds  stick  to  grease 
more  readily  than  other  minerals,  consequently  if  the  concen- 
trate from  the  jiggers,  containing  diamonds,  pyrope,  zircon, 
disthene,  diopside,  enstatite,  magnetite,  titanic  iron,  pyrites, 
olivine,  &c.,  is  washed  down  an  inclined  plane  covered  with  a 
thin  layer  of  grease,  the  diamonds  adhere  and  the  other 
minerals  are  washed  off. 

The  Elmore  oil  process  is  based  upon  the  fact  that  petroleum 
sticks  to  many  metallic  ores  and  not  to  the  earthy  minerals. 
The  process  has  been  employed  on  a  working  scale  in  North 
Wales  for  treating  copper  pyrites  and  is  being  used  elsewhere. 
A  stream  of  fine  ore  suspended  in  water  (pulp)  is  passed  into 
a  mixer,  which  brings  it  into  contact  with  the  thick  oil  left 
behind  in  distilling  crude  petroleum.  The  light  petroleum 
containing  the  particles  of  copper  pyrites  floats  on  the  top  of 
the  water,  whilst  the  particles  of  waste  sink.  The  copper 
pyrites  is  afterwards  separated  from  the  petroleum  residue  by 
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tareating  the  mixture  in  a  centrifugal  drier.     A  similar  method 
is  used  for  the  coucentration  of  asphalt. 

(7)  F&IABILITY. — Some  minerals  are  more  easily  crumbled 
and  reduced  to  powder  than  others,  and  if  the  difference  in 
friability  is  great,  it  is  possible  after  crushing  to  effect  a 
separation  by  a  mere  process  of  sifting.  An  instance  of  this 
rare  method  of  concentration  occurs  at  the  graphite  mines  near 
Passau,  in  Bavaria.  The  softer  kinds  of  mineral  obtained  from 
the  mine  are  ground  in  mills,  when  the  thin  greasy  elastic  plates 
of  graphite  arrange  themselves  parallel  to  the  surface  of  the 
stones,  and  preserve  their  flat  shape,  while  pieces  of  more 
brittle  minerals  are  reduced  to  the  state  of  fine  powder.  The 
ground  product  is  sifted  upon  fine  silk  cloth,  the  dust  poor  in 
graphite  passes  through  the  fine  holes,  but  the  scales  of  graphite 
are  left  behind.  As  might  be  supposed,  the  separation  is  not 
very  thorough.  In  some  of  the  veins  at  Freiberg  in  Saxony 
galena  and  cupriferous  iron  pyrites  occur.  By  careful  stamp- 
ing with  a  short  stroke  the  soft  and  easily  cleaved  galena  is 
reduced  to  powder,  whilst  the  pyrites  forms  rounded  lumps. 
By  screening  the  stamped  ore,  the  lumps  rich  in  copper  may 
be  separated  from  the  powder  rich  in  lead. 

HL  PBOGE8SES  DEPENDING  T7P0N  CHEMICAL 


(i)  SOLUTION,  EVAPORATION,  AND  GBYSTALLISA- 
TION. — Processes  of  this  kind  are  employed  by  the  miner  in 
some  of  the  few  cases  where  the  mineral  is  soluble  in  water ; 
aid  is  derived  from  certain  other  solvents,  such  as  benzine  and 
hydrochloric  acid. 

The  principal  minerals  soluble  in  water  are  borax,  nitrate 
of  soda,  potassium  salts,  and  common  salt. 

The  crude  borax  of  California  is  ground  and  thrown  into  it 
pan  containing  a  boiling  saline  solution,  frequently  the  mothei*- 
liquor  from  the  second  crystallisation.     The  salts  dissolve  atkd 
the  sand  sinks  to  the  bottom.     The  hot  solution  is  aUowed  "to 
stand  so  as  to  clarify,  and  is  then  run  off  into  pans  and  left  to 
cool  for  five  to  nine  days,  during  which  time  the  borax  crystal, 
lises  out.     The  crystals  obtained  in  this  way  are   somewli&t 
impure.     They  are  refined  by  being  dissolved  and  allowecl    to 
crystjillise  a  second  time. 

Nitrate  of  soda  is  treated  on  a  larger  scale.  The  c{il%4rhe 
crushed  into  lumps  about  2  inches  across,  is  tipped  into  laj-^e 
rectangular  wrought-iron  boUing  tanks  full  of  water,  whieli  af  e 
heated  by  a  spiral  3-inch  steel  pipe  with  steam  at  a  pressu^r^  qI 
60  lbs.  to  the  square  inch.  The  boiling  is  carried  on  by  Skutnlts' 
lixiviating  system,  which  causes  a  continual  circulation  oC  tlie 
lighter  liquid  to  the  other  boiling  tanks  by  following  the  d^n^^f 
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and  heavier  solution.  As  soon  as  the  solution  is  concentrated  to 
1 10  by  TwaddelFs  hydrometer,  it  is  allowed  to  settle  for  a  short 
time,  and  is  then  drawn  off  to  the  crystallising  tanks.  The 
refuse  in  the  boiling  tanks  is  again  treated  with  water  in  order 
to  extract  a  little  nitrate  which  it  still  contains. 

The  crystals  are  shovelled  out  on  to  drying  floors  and  put  up 
in  sacks  for  export.  As  a  rule  nitrate  of  90  per  cent,  purity  is 
prepared. 

The  mother-liquor,  which  contains  a  little  sodium  iodate,  is 
added  to  the  water  for  dissolving  a  fresh  stock  of  '*  caliche,'' 
and  by  repetitions  of  the  process  it  becomes  rich  enough  for 
the  extraction  of  the  iodine ;  this  is  precipitated  by  sodium 
bisulphite,  washed,  and  pressed  into  cakes.  The  crude  iodine 
so  obtained  is  purified  by  sublimation. 

The  principal  potassium  salt  of  Stassfurt  is  carnallite,  a 
hydrated  double  chloride  of  potassium  and  magnesium.  Some 
of  it  is  treated  on  the  spot  in  order  to  produce  commercial 
chloride  of  potassium. 

The  crude  mineral,  after  being  coarsely  ground,  is  treated 
with  hot  water,  and  the  strength  of  the  solution  is  so  arranged 
that  only  the  chlorides  of  potassium  and  magnesium  are  dis- 
solved out.  The  residues  are  treated  with  cold  water  which 
dissolves  out  some  sodium  chloride  and  leaves  behind  kieserite 
(hydrated  magnesium  sulphatej.  This  is  passed  through  a  fine 
sieve,  moulded  into  blocks,  ana  sold. 

The  solution  of  the  chlorides  of  potassium  and  magnesium  is 
allowed  to  settle  and  cool,  and  three  products  are  obtaineil  from 
it:  (a)  crystals  of  potassium  chloride;  (6)  mother-liquor;  (c) 
slimes. 

The  crystals  (a)  still  contain  a  little  sodium  chloride.  They 
are  lowered  into  water  in  iron  vessels  and  much  of  the  sodium 
chloride  is  dissolved  out;  they  now  contain  80  per  cent,  of 
potassium  chloride,  and  after  being  freed  from  moisture  in 
Thelen's  drier,  they  are  packed  in  bags  and  sold. 

The  mother-liquor  {b)  is  heated  and  gives  crystals  of  artificial 
carnallite,  which  are  treated  again  in  the  same  way  as  the 
native  mineral.  On  evaporation  the  final  mother-liquor  yields 
hydrated  magnesium  chloride. 

The  slimes  (c)  are  put  into  a  filter  press,  and  the  solid  cakes 
so  obtained  are  calcined  and  sold  as  manure  after  being  ground. 
They  owe  their  fertilising  value  to  some  potassium  chloride 
which  they  still  contain. 

The  evaporation  of  brine  may  be  carried  out  naturally  or 
artificially.  In  Southern  Europe,  and  in  other  countries  where 
the  sun  has  sufficient  power,  sea  water  led  into  shallow  ponds 
gradually  becomes  concentrated  enough  to  deposit  salt.  In 
Germany,  weak  brine  is  strengthened  by  allowing  it  to  trickle 
down  through  brush-wood  contained  in   huge   frameworks  of 
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timber.     A  great  surface  is  thus  exposed   to  the  atmosphere 
with  much  evaporative  effect  if  the  weather  is  dry. 

In  England  common  salt  is  mostly  obtained  from  brine 
pumped  up  out  of  bore-holes  or  out  of  inundated  salt  mines. 
After  being  allowed  to  settle,  the  brine  is  evaporated  in.  large 
sheet-iron  pans  heated  by  the  flame  of  a  coal  fire  passing  under- 
neath along  flues.  Some  of  the  pans  in  the  Middlesbrough 
district  are  70  feet  long  and  24  feet  wide,  with  a  depth  of  20 
inches  at  the  fire-end,  and  gradually  lessening  to  16  inches  at 
the  other.  In  Cheshire,  even  larger  pans  may  be  seen,  some, 
in  fact,  as  much  as  100  feet  long  by  45  feet  wide.  The  heat  of 
the  fire  gradually  drives  off  the  water,  and  crusts  of  salt  form 
on  the  surface  ;  they  fall  to  the  bottom  and  are  shovelled  out ; 
after  being  allowed  to  drain,  the  salt  is  ready  for  despatch  to 
the  alkali  works. 

At  Bex,  in  Switzerland,  where  fuel  is  dear  and  water-power 
abundant,  the  brine  is  evaporated  in  a  closed  boiler,  like  a  large 
egg-ended  steam  boiler,  heated  from  below ;  the  process  of 
evaporation  goes  on  continuously,  brine  being  constantly  pumped 
in  and  salt  being  di^wn  off  as  it  is  deposited. 

Benzine  is  employed  in  the  exceptional  case  of  ozokerite 
for  dissolving  out  remnants  of  the  mineral  left  in  some  of  the 
residues. 

Heavy  spar  stained  by  oxide  of  iron  is  "  bleached "  by 
sulphuric  acid  ;  the  mineral,  after  being  crushed  to  the  state 
of  coarse  powder,  is  put  into  lead-lined  vats  with  dilute 
sulphuric  acid,  which  is  brought  to  the  boiling-point  by  the 
injection  of  steam.  The  acid  dissolves  the  oxide  and  leaves 
white  barytes  ready  for  grinding  after  it  has  been  dried. 

Tin  ore  contaminated  with  copper  ore  may  be  freed  from  the 
latter  metal  by  hydrochloric  acid ;  the  so-called  ^^  burnt 
leavings/'  that  is  to  say  the  tailings  produced  in  washing  the 
roasted  concenti^tes  of  tin  ore,  originally  enveloped  or  accom- 
panied by  sulphides,  are  tretited  with  hydrochloric  acid;  the 
coppery  solution  is  led  into  pits,  where  the  metal  is  precipitated 
by  iron. 

(2)  ATMOSPHEBIO  WEATHEBINa.— It  must  be  pointed 
out  that  though  weathering  often  results  from  mere  loss  of 
water,  it  may  in  other  cases  be  caused  by  the  chemical  decom- 
position of  one  of  the  minerals  contained  in  the  stuff  under 
treatment. 

The  crumbling-up  of  the  diamond-bearing  rock  under 
atmospheric  agencies  plays  an  important  part  in  the  extrac- 
tion of  the  gems,  and  with  no  other  mineral  is  a  weathering 
action  of  this  kind  carried  out  on  so  large  a  scale  or  in  such  a 
systematic  manner.  The  floors  devoted  to  this  process  at  De 
Beers  mine  occupy  some  thousands  of  acres.  They  are  merely 
fairly  level  ground  from  which  the  bush  and  grass  have  been 
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removed,  and  which  has  been  rolled  to  make  it  hard.  The 
ground  is  laid  out  in  rectangular  sections,  600—1200  yards 
long  and  200  wide,  and  is  enclosed  by  high  wire  fences. 
Main  lines  of  rails  on  each  side  of  the  floors  and  subsidiary 
portable  lines  sei-ve  to  bring  the  trucks  of  "  blue,"  which  is 
tipped  and  spread  out  so  that  a  load,  i.^.,  16  cubic  feet  or  1600 
lbs.,  will  occupy  an  area  of  2 1  square  feet. 

The  "  blue "  is  left  exposed  for  a  period  varying  with  the 
season  of  the  year  and  the  amount  of  rain,  and  also  with  the 
mine  and  the  quarter  thereof  whence  it  comes ;  thus  "  blue  " 
from  the  upper  levels  disintegrates  more  quickly  than  that 
from  the  lower  levels.  The  "  blue  "  from  Kimberley  mine  at 
the  fooo  to  1200  feet  level,  requires  on  the  average  nine 
months'  weathering,  and  that  from  the  800  to  1000  feet 
level  in  the  De  Beers  mine  as  much  as  fifteen  months. 
Some  resists  disintegration ;  this  is  known  as  "  hard  blue." 
It  is  evident  that  a  very  large  stock  of  blue  ground  has  to 
be  kept  on  the  floors  if  the  washing  machines  are  to  be 
supplied  regularly. 

At  intervals  of  two  months  or  so,  the  ''blue  "  is  harrowed  and 
cross-harrowed  by  steam  cultivators.  At  the  end  of  six  months, 
previous  to  harrowing,  stones  and  hard  blue  are  picked  off,  and 
before  the  final  harrowing  prior  to  the  washing  it  is  watered  if 
there  has  been  no  rain. 

The  diamond  is  not  the  only  gem  which  may  be  released  from 
its  matrix  by  disintegration  under  atmospheric  agencies.  The 
garnetiferous  gravel  of  Bohemia  was  at  one  time  allowed  to 
weather  for  three  months  on  the  surface,  in  order  to  fit  it  for 
the  subsequent  washing  process. 

Phosphate  of  lime  occurring  in  the  form  of  nodules  in  clay  is 
treated  in  a  like  manner.  The  phosphate  dug  from  open  pits  in 
the  Lias  in  the  department  of  the  Haute-Saone  is  left  exposed 
to  the  air  often  all  the  winter  ;  a  part  of  the  earthy  matter  falls 
off,  and  the  nodules  have  simply  to  be  screened  dry,  in  order  to 
separate  a  large  portion  of  the  clay  with  which  they  were 
only  originally  mixed.  Again,  in  the  Yosges  there  is  a  phos- 
phatic  bed  of  the  same  geological  age,  consisting  of  soft  nodules 
forming  only  ^  or  ^  of  the  bed  of  brown  clay  by  which  they 
are  enveloped.  The  stuff  is  spread  out  on  the  fields  and  raked 
over  occasionaUy.  The  clay  crumbles  off,  and  at  the  same  time 
the  nodules  harden  from  losing  their  moisture  ;  they  are  then 
picked  out  by  the  hand. 

Nodules  of  clay  ironstone  are  freed  from  shale  in  a  similar 
wav  ;  and  ores  of  iron  more  or  less  contaminated  with  iron  or 
copper  pyrites  gradually  have  a  portion  of  their  sulphur  washed 
out  in  the  form  of  soluble  sulphates,  if  exposed  for  a  sufficient 
time  to  the  action  of  air  and  rain. 

Fire-clay  is  found  to  be  better  suited  for  making  bricks  after 
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weathering    for    some    months,  than  when   first    raised   from 
underground. 

(3)  OALOINATIOK  OR  BOASTING.— The  object  of  calci- 
nation or  roasting  may  be  : 

a.  To  effect  a  change  in  the  chemical  composition  of  a 
valuable  mineral,  and  so  produce  either  an  ordinary  article 
of  commerce  or  one  that  is  more  readily  saleable  than  the  raw 
material. 

/;.  To  effect  a  change  in  the  chemical  composition  of  some  of 
the  substances  accompanying  a  valuable  minei*al,  and  so  get 
rid  of  them  partially  or  render  them  more  easily  separable  by 
other  processes. 

The  commonest  example  which  can  be  cited  is  burning 
limestone ;  the  action  of  heat  is  made  use  of  to  drive  off  the 
carbonic  acid  and  leave  quicklime.  Another  instance  is  fur- 
nished by  clay  ironstone,  or  any  ore  in  which  the  iron  occurs 
mainly  in  the  form  of  carbonate.  Simple  eicposure  to  heat  con- 
verts ferrous  carbonate  into  magnetic  oxide  ;  the  former  contains 
48  per  cent,  of  iron,  the  latter  72  per  cent. ;  consequently,  if 
the  ore  has  to  be  sent  to  a  distance  there  is  a  saving  in 
freight,  besides  which  the  ore  is  more  acceptable  to  the  iron- 
master for  his  furnaces.  So,  too,  carbonate  of  manganese 
calcined  in  kilns  loses  carbonic  acid  and  becomes  over  thirty  per 
cent,  lighter. 

Gypsum  is  calcined  in  order  to  expel  the  water  chemically 
combined  with  it,  and  convert  it  into  plaster  of  Paris. 

With  the  ores  of  arsenic,  it  is  the  valuable  ingredient  which 
is  driven  off.  Mispickel  and  other  arsenical  ores  are  roasted 
at  mines  in  order  to  produce  arsenious  acid,  which  is  collected 
in  special  flues. 

Ores  of  copper  are  sometimes  calcined  at  mines,  with  the 
object  of  extracting  the  arsenic  before  sale  to  the  smelters, 
who  would  pay  nothing  for  this  latter  metal  and  prefer  it8 
absence. 

Calcination  is  resorted  to  in  the  case  of  some  iron  ores  in 
order  to  get  rid  of  the  sulphur,  due  to  intermixed  iron  pjrrites  or 
pyrrhotine,  and  so  free  the  ore  from  an  element  which  the 
smelter  dislikes.  Thus  in  Northamptonshire  the  undecomposed 
greenish  lumps  in  the  bed  are  picked  out  on  account  of  the 
sulphur  they  contain,  and  put  aside.  When  a  sufficient  quantity 
has  accumulated,  a  heap  is  made  with  a  little  coal  and  fired  ;  the 
ore  loses  nearly  all  its  sulphur  in  the  burning  and  is  thus  fitted 
for  the  blast-furnace. 

Auriferous  ores  are  roasted  in  some  instances  for  the  purpose 
of  liberating  the  gold  which  is  so  enveloped  in  sulphides  and 
sulpharsenides,  such  as  iron  pyrites  and  mispickel,  as  to  be 
caught  with  difficulty  by  mercury. 

Partially  concentrated  tin  ore  {xchits)  is  roasted  in  order  to 
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convert  iron  pyrites  and  mispickel  into  pulverulent  oxides  which 
can  easily  be  separated  by  washing.  Again,  tin  ore  is  oc- 
casionally associated  with  a  considerable  amount  of  wolfram, 
which  approaches  it  so  closely  in  density  that  separation  by 
washing  is  impossible.  The  mixed  concentrate  obtained  by  the 
ordinary  dressing  processes,  consisting  of  cassiterite  mixed 
with  wolfram,  is  roasted  with  carbonate  or  sulphate  of  soda  ; 
soluble  tungstate  of  soda  is  produced,  which  is  dissolved  out 
by  water,  leaving  behind  the  insoluble  cassiterite  fit  for  the 
smelter. 

The  separation  of  blende  from  iron  ^  pyrites  or  marcasite  may 
be  affected  by  a  slight  roasting.  At  Ammeberg  in  Sweden  this 
class  of  ore  is  roasted  in  kilns  as  a  preliminary  to  crushing. 
The  blende  remains  unchanged,  but  the  p3rrites  becomes  spongy 
and  crumbly.  The  crushing  is  thereby  facilitated,  and  in  the 
subsequent  operations  the  iron  oxide  is  easily  washed  away 
from  the  blende.  Smithsonite  mixed  with  limonite  is  roasted 
with  coal  in  order  to  reduce  the  ferric  oxide  to  the  state  of 
magnetic  oxide,  and  thus  render  it  separable  by  a  magnetic 
process. 

It  now  remains  to  be  seen  how  calcination  is  carried  out. 
Minerals  may  be  burnt  in  heaps,  in  kilns,  and  in  furnaces. 

Clay  ironstone  is  usually  burnt  in  heaps  with  the  addition 
of  a  little  coal ;  but  one  variety,  black  band  ironstone,  con- 
tains a  sufficient  amount  of  carbonaceous  matter  to  burn  of  itself. 

The  spathose  ore  underlying  the  limonite  {"  rubio '')  at  Bilbao 
is  successfully  calcined  on  a  very  large  scale  previous  to  ship- 
ment. The  raw  ore  contains  43  per  cent,  of  iron  and  25  per 
cent,  of  carbonic  acid,  whilst  the  calcined  ore  gives  58  per  cent, 
of  iron  and  only  2  per  cent,  of  moisture.  One  of  the  large  kilns 
gets  through  1500  tons  of  raw  ore  weekly. 

The  commonest  example  of  calcination  in  kilns  is  making  lime. 
At  large  works  the  time-honoured  semi-spheroidal  kiln  with 
intermittent  action  is  often  supplanted  by  the  Hofmann  kiln, 
in  which  the  processes  of  charging,  burning,  and  discharging  go 
on  continuously. 

Some  of  the  baking  ovens  used  for  converting  gypsum  into 
plaster  of  Pans,  by  the  simple  expulsion  of  the  water  of  combi- 
nation, are  cylindrical  brick  kilns  so  arranged  that  the  flame 
nowhere  comes  in  contact  with  the  mineral.  The  fireplace  is 
in  the  centre,  and  the  hot  gases  are  drawn  down  flues  into  an 
annular  arched  passage  all  round  the  bottom  of  the  kiln,  and 
then  ascend  thi'ough  the  charge  by  means  of  a  number  of  cast- 
iron  pipes.  The  kiln  is  covered  by  a  brick  dome  over  which 
comes  a  conical  hood  or  chimney. 

In  making  Parian  cement  from  gypsum  a  different  oven  is 
employed,  in  which  a  central  coke  fire  sends  out  its  hot  gases 
directly  on  to  the  charge  itself. 
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The  funuces  naeA  by  the  miner  &re  uaually  of  the  rever- 
hentory  tt-pe,  in  which  the  flame  plays  into  the  space  con- 
taining the  charge ;  the  bed  may  be  stationary  or  revolving. 
The  two  most  frequently  employed  in  Cornwall  and  Devon,  for 

Fig.  696. 


roasting  the  ores  of  arsenic,  copper,  and  tin,  are  Brunton'^ 
calcitier  and  Hockin  and  Oxlaud's  cslciner.  The  former  (Fig' 
696)  has  a  revolving  circular  bed  about  10  feet  in  diameter, 
supported  by  a  vertical  shaft,  which  is  made  to  revolve  slowlv 
by  any  convenient  source  of  power,  whilst  the  flames  of  two 
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fireplaces  at  the  eides  play  upon  it  and  produce  the  requisite 
amount  of  heat.  Depending  from  cast-iron  frames  fixed  in  the 
roof  of  the  furnace,  are  three  sets  of  knives  or  toetfa,  iDcliued  in 
such  a  manner  as  to  shift  the  ore  gradually  from  the  centre, 
where  it  is  fed  on,  towards  the  cii-cu inference,  where  it  is  dis- 
charged. The  action  of  heat  in  the  presence  of  atmospheric 
oxygen  converts  the  sulphur  and  arsenic  into  sulphurous  and 
arsenious  acids,  which  escape  with  the  other  hot  gases,  and  are 
led  into  long  condensing  flues.     These  are  brick  or  stone  passages 

Fio.  697. 
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high  enough  for  a  man  to  stand  upright,  with  partial  partitions 
so  arranged  as  to  make  the  hot  gases  take  a  tortuous  path. 
There  are  large  openings  on  one  side  for  drawing  out  the  arsenical 
Boot  at  intervals.  During  the  actual  calcination  these  doors  or 
manholes  are  closed  by  sheets  of  iron  carefully  luted  with  clay. 

The  Hockin  and  Oxland  calciner  is  not  unlike  the  Briickner 
furnace  used  in  the  United  States,  aa  it  is  a  revolving  cylinder 
lined  with  fire-brick.  Figs.  697  and  698  show  the  construction 
of  such  a  furnace  as  used  in  Cornwall  in  1873.  A  is  the 
cylinder  lined  with  fire-brick,  set  at  a  slight  inclination  and 
supported  on  rollers.  It  is  made  to  revolve  at  the  rate  of  six  to 
eight  revolutions  per  hour  ;  B  is  a  screw  which  brings  down  a 
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regular  supply  of  ore  from  a  hopper.  The  ore  travels  along 
very  gradually  in  the  direction  of  the  arrow  and  finally  drops 
into  the  chamber  0.  D  is  the  fireplace  opening  into  the  lower 
end  of  the  cylinder,  and  £  is  the  beginning  of  the  flues,  in 
which  the  arsenious  acid  is  condensed  and  through  which  the 
sulphurous  acid  passes  on  its  way  to  the  chimney.  The  longi- 
tudinal ribs  of  fire-brick,  extending  two-thirds  of  the  length  of 
the  furnace  from  the  lower  end,  serve  to  lift  up  the  charge  and 
let  it  fall,  so  as  to  expose  new  surfaces  to  the  action  of  the  air. 
One  of  these  calciners  used  some  years  ago  at  Devon  Great 
Consols  mine  was  simply  an  old  boiler  tube,  30  feet  long  by 
3  feet  6  inches  in  diameter,  lined  with  4^-inch  fire-brick,  so  that 
the  clear  diameter  inside  was  2  feet  9  inches.  Another  was  made 
of  an  old  boiler  5  feet  in  diameter.     The  inclination  was  i  in  24. 

Some  of  the  calamine  at  Monteponi,  in  Sardinia,  which  has 
been  concentrated  by  the  ordinary  wet  methods  until  it  contains 
20  per  cent,  of  zinc,  is  still  much  mixed  with  oxide  of  iron  and 
dolomite.  Two  per  cent,  of  coal  are  added,  and  the  ore  is 
passed  through  a  rotary  furnace,  42  feet  (13  m.)  long,  working 
continuously ;  the  iron  is  thus  brought  to  the  state  of  magnetic 
oxide.  On  leaving  the  furnace  the  ore  is  moistened  with  water, 
which  causes  the  calcined  dolomite  to  fall  to  powder.  It  is 
next  treated  on  screens,  and  the  various  categories  produced  are 
sent  separately  to  a  magnetic  concentrator. 

In  America  natural  cement  is  burnt  in  rotary  kilns.  For 
firing,  a  jet  of  finely  pulverised  coal-dust  or  a  spray  of  liquid 
fuel  is  introduced  through  the  movable  end  of  the  kiln. 

The  Argall  tubular  roaster,  consisting  of  a  combination  of 
four  tubes  held  together  by  steel  tires,  is  an  improved  form 
of  rotary  kiln  requiring  less  power  to  drive  it  than  a  single  tube 
of  the  same  output.  For  roasting  refractory  gold  ores,  good 
results  have  been  obtained  by  the  Edwards  mechanically- 
rabbled  reverberatory  furnace  with  adjustable  hearth,  by  the 
Ropp  reverberatory  furnace  with  long  fixed  hearth,  and  by  the 
Brown  horse-shoe  furnace  built  in  annular  form  with  rotating 
mechanical  rabblers. 

(4)  OEMENTATION. — The  precipitation  of  copper  by   iron 
may  fairly  be  regarded  as  coming  within  the  province  of  the 
miner,  when  the  solution  flows  naturally  out  of  an  adit  level 
or  is  pumped  up  from  underground,  or  when  it  is  obtained 
artificially  as  a  by-product  in  tin-dressing.     On  the  other  hand, 
the  metallurgist   may  fairly  claim    such    operations  as    those 
conducted  on  a  huge  scale  at  Rio  Tinto,  where  the  cupreous 
solution  is  mainly  produced  by  leaching  the  ore  which  has  been 
burnt  in  heaps,  or  a  mixture  of  burnt  ore  and  raw  ore.    However, 
as  in  other  cases,   the  line  of  demarcation  between  the   ^^vo 
domains  is  an  arbitrary  one. 

The  famous  old  Parys  mine  in  Anglesey  affords  the  most 
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important  example  of  cementation  carried  on  at  a  mine  in 
Great  Britain.  Coppery  water  is  pumped  out  of  the  mine,  and 
is  led  into  brick-lined  pits  containing  scrap-iron.  The  iron  is 
raked  over  from  time  to  time,  and  eventually  the  old  pots, 
kettles,  shovels,  and  meat-tins  pass  into  solution,  while  the 
copper  is  precipitated.  As  might  be  imagined,  when  one  looks 
at  the  heterogeneous  mixture  of  articles  constituting  the  scrap- 
iron  thrown  into  the  pits,  the  precipitate  is  very  impure  and 
contains  only  some  20  to  30  per  cent,  of  metallic  copper.  The 
iron  used  is  not  lost ;  the  ferruginous  solution  running  away  from 
the  precipitating  pits  is  led  into  large  pools,  and  there  exposed 
to  the  action  of  air  and  rain.  The  dissolved  iron  gradually 
passes  to  a  higher  state  of  oxidation,  producing  insoluble  ochre, 
and  little  by  little  a  deposit  of  this  substance  forms  upon  the 
bottom  of  the  big  ponds.  According  to  the  strength  of  the 
irony  solution  supplied,  the  ponds  are  run  dry  and  cleared  out 
once  in  every  two  or  three  months.  Wind  and  rain  aid  the 
process  of  oxidation. 

(5)  AMALGAMATION. — Two  metals,  gol4  and  silver,  are 
often  extracted  from  their  ores  by  amalgamation,  that  is  to  say, 
by  processes  based  upon  their  affinity  for  mercury  ;  and  here  we 
are  once  more  on  the  borderland  between  mining  and  metal- 
lurgical practice.  In  the  case  of  silver  ores,  the  processes  are 
often  complex  and  require  the  precious  metal  to  be  brought 
into  the  state  of  chloride  before  amalgamation  is  possible ; 
besides  which  they  are  frequently  carried  on  at  works  which  do 
not  belong  to  the  mining  company.  It  may  therefore  be  con- 
sidered that  the  miner  would  be  encroaching  upon  the  territory 
of  his  neighbour  by  interfering  in  this  instance,  whilst,  on 
the  other  hand,  with  gold  the  process  is  often  simple,  and 
the  ore  goes  straight  from  the  shaft  or  adit  to  crushing  and 
amalgamating  works  owned  by  the  same  company  as  the  mine. 

The  amalgamation  of  gold  takes  place  by  mere  contact, 
either  when  the  particles  touch  the  mercury  as  they  slide  or 
roll  along  in  a  current  of  water,  or  when  they  are  in  some  way 
mechanically  rubbed  against  it. 

An  instance  of  the  first  kind  of  action  has  already  been  given 
in  the  description  of  hydraulic  mining  in  Chapter  YI.,  and 
another  may  be  taken  from  the  ordinary  stamping  mill  of  most 
gold  mines  in  which  auriferous  quartz  is  being  treated.  The 
pulp  discharged  through  the  grates  of  the  mortar-box  is  allowed 
to  flow  over  an  inclined  table,  covered  with  a  sheet  of  copper 
which  has  been  amalgamated.  The  surface  of  the  copper  plate 
is  first  very  carefully  scoured,  then  cleaned  with  a  solution  of 
cyanide  of  potassium,  and  finally  rubbed  with  mercury  and  a 
little  sal-ammoniac.  The  bright  silvery  surface  is  then  capable 
of  picking  up  the  little  particles  of  gold  in  the  pulp  and  retain- 
ing them  in  the  form  of  a  coating  of  amalgam,  which  is  naturally 
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thickest  where  the  pulp  first  comes  upon  the  table.  When  a 
sufficient  thickness  has  accumulated,  the  amalgam  is  scraped  off, 
washed,  mixed  with  a  little  fresh  quicksilver,  wavshed  with  water, 
and  finally  squeezed  through  canvas  or  chamois  leather.  The 
hard  amalgam  so  obtained  is  retorted. 

Various  devices  are  in  use  for  making  the  particles  of  gold 
turn  over  from  time  to  time  and  so  expose  fresh  surfaces  to  the 
quicksilver,  in  order  to  increase  the  chances  of  such  intimate 
contact  as  will  ensure  amalgamation.  Sometimes  steps  are  made 
in  the  tables,  giving  the  thin  stream  of  pulp  a  little  drop,  some- 
times the  tables  are  shaken,  whilst  in  the  Hungarian  mill  the 
pulp  flows  over  the  surface  of  a  bath  of  mercury,  the  surface  of 
which  is  lightly  skimmed  by  revolving  iron  knives. 

Amalgamation  will  not  take  place  unless  the  two  metals  are 
bright  and  clean ;  any  slight  film  upon  the  mercury,  such  as  is 
produced  by  grease  or  tarnish,  prevents  contact,  and  the  little 
particle  of  gold  rolls  or  slides  down  over  the  plate,  just  as  it 
would  do  on  a  plain  sheet  of  copper,  and  is  liable  to  escape.  The 
greatest  care  has  therefore  to  be  taken  to  keep  the  amalgamated 
plates  clean,  and  from  time  to  tim  ^  any  tarnish  may  be  removed 
by  brushing  them  with  a  solution  of  cyanide  of  potassium.  Other 
means  of  keeping  quicksilver  bright  are  the  addition  of  a  little 
sodium  amalgam,  or  the  production  of  nascent  hydrogen  upon  the 
surface  of  a  mercury  bath  by  the  passage  of  a  current  of  electricity. 

Considering  the  ease  with  which  amalgamation  is  impeded  or 
prevented  by  a  flimsy  coating  upon  the  mercury  or  upon  the 
gold,  it  is  not  surprising  that  rubbing  of  some  kind  should  have 
been  tried  in  order  to  brighten  the  surfaces  of  the  two  metals 
and  so  secure  perfect  contact  It  seems  probable  that  when 
gold  was  worked  by  the  Romans  in  the  Alps,  the  precious  met^I 
was  extracted  by  rubbing  the  ore  to  powder  with  water  and 
mercury  upon  slabs  of  gneiss  by  stone  mulleis.  Subsequently, 
no  doubt,  the  quern  was  pressed  into  the  service  of  the  gold- 
miner,  and  by  adding  a  rude  horizontal  water-wheel  to  the 
quern,  the  hardy  Piedmontese  miners  developed  their  moHnellcK 
or  small  mill,  by  means  of  which  large  quantities  of  gold  have 
been  obtained.  Proceeding  one  step  further,  we  have  the 
arrastra,  the  most  perfect  form  of  which  can  probably  be  seen  in 
Italy,  and  substituting  iron  and  steel  for  stone  we  have  the 
various  pans.  All  these  mills  perform  a  double  service ;  they 
not  only  break  up  the  ore  and  set  free  the  minute  particles  of 
gold,  but  they  at  the  same  time  scour  the  gold,  make  it  bright 
and  rub  it  against  the  quicksilver.  Probably  in  many  cases  the 
gold  makes  a  streak  upon  the  bed,  just  as  it  would  do  if  rubbed 
uf)on  a  jeweller's  touchstone,  and  so  gives  a  clean  bright  surface 
with  which  the  mercury  at  once  amalgamates.  The  mills  may 
also  be  worked  as  concentrators,  for  if  a  stream  of  water  is  run 
through  them  while  they  are  being  driven  slowly,  the  light  par- 
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tides  are  carried  off,  and  the  heavy  metallic  sulphides  lie  at  the 
bottom  in  contact  with  the  mercury,  ready  to  give  up  the  gold 
they  contain  as  soon  as  they  are  crushed  fine  enough  to  liberate 
it.  The  heat  developed  by  the  friction  of  the  muller  is  consider- 
able and  may  assist  the  process  of  amalgamation,  and  indeed  it 
may  explain  how  it  is  possible  to  extract  80  per  cent,  of  the 
gold  from  ores  containing  10  to  20  per  cent,  of  iron  pyrites  by 
simple  amalgamation  in  arrastras.  The  arrastra  is  a  more  suit- 
able amalgamator  for  such  ores  than  the  copper  plate,  but  it  is  a 
slow  grinder  and  causes  a  large  loss  in  quicksilver  when  raw  ore  is 
treated  by  it.     Various  other  mills  are  used  for  the  same  purpose. 

APPLICATION  OF  PROCESSES. — Having  now  passed  in 
review  the  various  mechanical,  physical,  and  chemical  processes 
which  are  employed  by  the  miner  in  preparing  his  minerals  for 
sale,  it  remains  to  say  a  few  words  upon  the  manner  in  which 
they  are  applied  in  different  cases.  Space  will  not  admit  more 
than  an  outline,  nor  is  it  necessary  in  a  general  treatise  to  enter 
deeply  into  details. 

For  the  sake  of  convenience  the  various  minerals  will  be  taken 
in  alphabetical  order. 

Amber. — The  amber  is  separated  from  the  glauconitic  sand 
by  washing  on  coarse  screens  with  a  powerful  jet  of  water,  and 
freed  from  its  weathered  crust  by  means  of  soda  and  sand  and 
water  in  rotating  vessels.  Then  girls  sort  it  according  to  colour, 
size,  &c.  The  lumps  are  sold ;  smaller  pieces  are  carefully 
cleaned  and  compressed  into  blocks ;  and  the  impure  fines  are 
melted  up  and  sold  to  the  varnish  merchants. 

Antimony. — Neither  jigging  nor  liquation  are  entirely  satis- 
factory for  the  poorer  ores.  Cobbing  and  hand-picking  are  often 
pushed  to  an  extreme. 

Arsenic. — Arsenical  pyrites,  mixed  it  may  be  with  tin  or 
copper  ore,  is  roasted  in  reverberatory  furnaces,  and  the  hot 
gases  are  conducted  into  brick  chambers,  the  walls  of  which 
soon  become  coated  with  layers  of  solid  arsenious  acid.  The 
crude  arsenic  resulting  from  the  treatment  of  tin  "  whits "  is 
usually  of  a  dirty  grey  colour  owing  to  the  admixture  of  solid 
carbonaceous  particles  deposited  by  the  smoke  ;  it  is  spoken  of 
as  "  arsenical  soot,"  and  is  sold  by  the  miner  to  works  where  it 
can  be  purified  by  being  re-sublimed.  At  some  mines,  however, 
which  yield  large  quantities  of  mispickel,  the  final  purification 
is  performed  on  the  spot. 

Asbestos. — Formerly  the  separation  of  the  asbestos  (chryso- 
tile)  of  Canada  from  the  enclosing  serpentine  was  mainly  effected 
by  a  simple  cobbing  and  picking ;  but  rock  breakc  rs,  rolls, 
cyclone  pulverisers,  screens,  fans,  blowers,  tfec,  have  now 
minimised  hand- work.  In  some  cases  the  waste  is  pulverised, 
and  with  a  certain  addition  of  serpentine  yields  asbestic,  a 
product  largely  used  for  fire-proof  buildings. 
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Asphalt. — ^The  crude  Trinidad  pitch  is  purified  or  refined  od 
the  island  by  melting  it  in  iron  pans  and  allowing  the  earthj 
matter  to  fall  to  the  bottom.  In  France  the  process  is  some- 
what different :  the  crude  pitch  is  boiled  with  a  heavj  tar  oil 
obtained  from  the  distillation  of  shale,  in  the  proportion  of  9  of 
pitch  to  4  of  tar  oU.  The  30  per  cent,  of  water  in  the  pitch  is 
driven  off  and  a  small  amount  of  earthy  matter  is  deposited,  but 
the  refined  pitch,  consisting  of  the  two  ingredients  which  were 
mixed,  still  contains  a  large  percentage  of  day. 

Bituminous  sandstone  is  made  to  yield  up  its  pitch  by  melting 
with  water.  The  sandstone  is  broken  up  into  lumps  about 
3  inches  across,  thrown  into  cauldrons  of  boiling  water,  and 
stirred  for  an  hour.  The  bitumen  melts  and  rises  to  the  top, 
whilst  the  sand  falls  to  the  bottom.  The  bitumen  is  skimmed 
off,  though  it  is  by  no  means  free  from  sand,  if  the  original 
sandstone  was  fine-grained.  It  is  then  re-melted  and  the  sand 
allowed  to  sink ;  the  liquid  bitumen  is  drawn  off  and  allowed 
to  cool  in  moulds,  but  the  sandy  deposit  at  the  bottom  still  con- 
tains a  good  deal  of  pitch  which  cannot  profitably  be  separated. 

The  treatment  of  the  bituminous  limestone  has  already  been 
described  in  the  general  part  of  this  chapter. 

Within  the  last  few  years  asphalt  deposits  of  considerable 
extent  have  been  opened  up  in  the  Indian  territory,  United 
States.     At  Tar  Springs  the  deposit  occurs  in  a  basin  about  a 
mile  in  diameter,  the  asphalt  being  met  with  in  sand  and  sand- 
stone which  it  has  thoroughly  impregnated.     The  overburden  is 
removed  and  a  thin  capping  of  bairen  sandstone  blasted  off. 
The  bed  is  then  loosened  by  ploughs  drawn  by  teams  of  four  or 
six  mules  and  excavated  by  wheeled  scrapers.     The  sands  con- 
tain 10  to  14  per  cent,  of  asphalt,  and  3  to  6  per  cent,  of 
heavy  oil.     The  asphalt  sands  are  tipped  and  shovelled  to  a  feed 
bin,  and  conveyed  thence  to  a  disintegrator,  which  is  heated  by 
steam  to  facilitate  the  passage  of  the  adhesive  asphaltic  material. 
The  broken-up  material  is  raised  by  an  elevator  to  the  ooacen- 
trating  apparatus  in  the  upper  part  of  the  building.      The 
concentration  is  based  on  the  fact  that  the  associated  heavy  oil 
adheres  to  the  asphalt  and  buoys  it  up,  while  the  sands^  freed 
from  both  asphalt  and  oil,  and  washed  by  warm  water,  are 
discharged  by  an  under-conveyor.    The  asphalt  and  oil  rise  to  the 
surface  of  the  water,  and  are  discharged  by  the  upper  conveyor. 
This  method  of  separation  was  devised  by  Mr.  B.  Y.  La  Grand, 
and  is  similar  to  the  Elmore  oil  process  of  concentrating  ores. 
The  elimination  of  water  and  oil  from  the  asphalt  is  effected  bv 
evaporation.    The  total  loss  in  concentrating  and  refining  varies 
from  4  to  6  per  cent.    The  refinery  cost  ^8000.     The  cost 
of  mining  is  4d.  per  cubic  yard,  and  that  of  refining,  about  J[^  2 
per  ton.    The  plant  is  designed  for  a  capacity  of  25  tons  finished 
product  per  day  of  24  hours. 
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Barytes. — The  principal  processes  in  preparing  barytes  for  the 
market  are  drying  and  grinding. 

The  barytes  coming  from  the  mine  is  washed  and  picked,  and 
pieces  intermixed  with  rock  are  cleaned  by  cobbing.  The 
lumps  are  di-ied  upon  a  tiled  floor  heated  by  flues  underneath, 
and  are  then  crushed,  either  by  rolls  or  by  an  edge-runner,  to  a 
coarse  powder,  which  is  twice  ground  in  mills  like  flour-mills. 
French  burr  stones  are  preferred.  The  second  grinding  yields  a 
powder  as  fine  as  flour,  which  is  put  up  into  barrels  ready  for  sale. 

Iron-stained  barytes  is  '^bleached"  by  acid,  as  already  ex- 
plained. 

Borax. — The  earth  obtained  at  the  Borax  Lake,  California,  is 
ground,  and  then  dissolved  in  water  brought  to  the  boiling- 
point  in  large  iron  vats  by  injecting  steam.  The  contents  are 
allowed  to  settle,  and  the  clear  solution,  containing  the  car- 
bonate, sulphate,  chloride,  and  borate  of  sodium,  is  drawn  off 
into  pans  and  allowed  to  cool.  Ti:e  borax  is  the  first  to  crystallise 
out,  and  the  crystals  are  collected  and  sold,  or  are  re-dissolved  ; 
this  second  solution  furnishes,  on  crystallising,  the  refined  borax 
of  commerce. 

Boric  Acid. — The  solution  of  boric  acid,  obtained  in  Tuscany 
by  passing  natural  steam-puffs  (soffioni)  through  water,  is  evapo- 
rated either  by  the  heat  of  some  of  these  soflioni,  or  artificially, 
until  the  gypsum  and  other  impurities  separate ;  the  liquid  is 
drawn  off  and  the  acid  is  allowed  to  crystallise  out. 

Carbonic  Acid. — If  not  at  once  piped  off  to  white  lead  or 
soda  works,  carbonic  acid  is  compressed  and  sold  in  the  liquid  state. 

Olay. — Common  clays  are  used  on  the  spot,  and  made  into 
bricks,  tiles,  or  drain-pipes.  The  potter's  clay  of  Devonshire  is 
sent  away  in  cubical  lumps  just  as  they  come  from  the  pit,  but 
the  china  clay  is  obtained  by  a  true  dressing  process.  The 
stream  of  water  running  down  the  side  of  the  open-work,  and 
carrying  with  it  all  the  ingredients  of  the  decomposed  granite,  is 
led  into  a  pit  where  the  coarse  particles  of  quartz  settle,  whilst 
the  clayey  water  is  conducted  into  long  channels  in  which 
fine  sand  and  mica  are  deposited  gradually.  Lastly,  the  milky 
stream  reaches  circular  pits,  20  to  40  feet  in  diameter,  and 
6  to  20  feet  deep,  drops  its  kaolin,  and  passes  off  as  almost 
clean  water.  The  creamy  deposit  is  diied  in  the  manner 
already  described  (Fig.  679),  and  the  china  clay  of  commerce  is 
the  result. 

Fuller's  earth  is  also  a  clay  which  has  to  be  dressed  before 
being  sent  into  the  market.  The  processes  to  which  it  is  usually 
subjected  are  drying,  sifting,  and  grinding. 

The  clay  coming  from  the  pits  is  dried  in  kilns  (Fig.  680)  and 
sifted  by  hand  to  take  out  the  fine,  if  the  customer  insists  upon 
having  nothing  but  lumps.  The  dry  lumps  are  put  up  into  sacks, 
and  the  small  is  sifted  again.     The  very  fine,  below  ^  inch,  is 
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tLrivn  Avmj,  ftnd  the  coarser  part  is  groond  to  fine  flour  in  a 
g...I.  Ar.d  ^'j  soil. 

In  A'i  iidon  to  this  dry  dressing,  some  of  the  daj  is  ground  in 
&n  eize-mnner,  ran  into  settling  tanks,  and  dried  much  in  the 
Sktme  vmy  a^  cLina  clar. 

Copper  Om — The  ores  of  copper  are  so  different  that  no 
^enemi  scheme  of  treatment  suitable  to  all  of  them  can  be  pre- 
sfriL^i.  ThaSy  for  instance,  the  ooppo-  shale  of  Mansfeld  is 
m<=-rely  picked  at  the  mine  before  going  to  the  smelting  works, 
wLich  receive  an  ore  containing  only  2  to  3  per  cent,  of  metal. 
At  ti.e  Lake  Su(«rior  mines,  on  the  other  hand,  concentration 
by  w^:^-  Gin  be  carried  to  such  a  pitch  that  tiie ''  barrel  copper '' 
leaving  the  dres>ing  establishments  often  has  more  than  70  per 
cent,  of  metal. 

Hand-picking  is  genentUv  an  important  part  of  the  dressing 
when  the  ore  consists  laigelv  of  a  mineral  like  chaloopyrite, 
beeause  it  is  easily  crushed  to  powder  liable  to  be  carried  away 
by  water  in  washing.  At  the  Rio  Tinto  mines  the  following 
are  the  principal  varieties  separated  by  picking : — 

«.  Ri.'b  ore  vith  5  or  6  per  cent,  of  copper,  which  is  smelted  on  the 

sp»  -t. 
&.  Luii.p  ore  with  2  to  3  per  cent,  of  copper,  which  is  exported. 

c.  Lsn-p  ore  vi:h  2  per  cent,  of  copper,  which  is  burnt  in  heaps  on 

I te  «p-t. 

d.  Fine  ore.  which  is  added  to  the  burnt  ore,  so  that  its  copper 

may  be  graiioallT  rendered  soluble. 

e.  Qaanxoee  ore,  which  is  retained  for  the  furnaces. 

When  co[ip€>r  pyrites  occurs  coarsely  intermixed  with  quartz 
and  other  earthy  minerals,  the  dressing  usually  begins  with 
h.tnd-p>icking  and  crushing  by  rolls ;  the  coarser  grains  are 
jiir:;e«i,  and  the  finest  particles  are  cleaned  and  rendered  rich 
enough  for  sale,  by  buddies,  frames,  revolving  tables,  or  endless 
belts.  Interme«liate  products  made  up  of  ore  and  waste  have 
to  be  re-ci-u>hed  before  a  complete  separation  is  possible. 

At  the  Lake  Superior  mines,  where  the  mineral  is  native 
co[»per.  the  treatment  is  different.  The  rock  from  the  mine  is 
stamped  by  huge  steam-stamps  until  it  will  pass  through  holes 
of  yV  inch,  and  the  copper-bearing  stream  is  delivered  into 
upward  current  separators,  which  make  five  classes;  the  four 
coarsest  sizes  are  treated  in  jigs,  and  the  fifth  upon  revolving 
tables.  The  Baltic  stamp  mill,  completed  in  1905,  is  typical  c^ 
the  modern  mOling  plants  in  the  LeJce  Superior  copper  district. 
The  plant  comprise  4  Nordberg  steam  stamps  with,  for  each 
stamp,  6  hydraulic  sizers,  24  double  compartment  jigs,  4  Wilfiey 
and  7  Overstrom  concentrating  tables.  There  is  also  a  re- 
griuding  plant  of  one  6-feet  Huntington  mill  with  7  Overstrom 
tables.     The  mill  was  designed  to  treat  2000  tons  of  ore    in 
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24  hours,  or  500  tons  per  stamp.  The  addition  of  auxiliary  rolls, 
^th  which  each  stamp  mill  is  provided,  has  increased  this  to 
over  600  tons.  The  stamp  morter-hox  is  provided  with  screens 
having  |-inch  round  perforations,  and  the  product  through  these 
is  delivered  into  revolving  screens  having  \  inch  perforations 
The  screenings  go  to  the  concentrating  machinery,  and  the 
residue  to  the  rolls. 

The  Butte  mines  follow  Lake  Superior  practice  or  use 
rolla 

Diamonds. — ^The  dressing  of  the  diamond-hearing  rock  of 
South  Africa,  amenahle  to  the  weathering  process,  may  he 
divided  into  the  following  separate  operations : — 

a.  Natural  disintegration,  under  atmospheric  agencies,  aided 
by  harrowing  and  watering. 

b.  Screening  in  a  revolving  screen,  with  wire  meshes  i  inch 
by  I  inch,  or  i^  inch  round  holes  in  plates,  which  take  out 
coarse  lumps ;  these  are  returned  to  the  depositing  floors  to 
undergo  the  weathering  process  a  little  longer,  or  they  are 
treated  as  hard  blue. 

c.  Washing  the  fine  in  rotary  pans,  which  separate  gravel 
from  the  fine  sand  and  mud.  The  latter  flow  into  another 
similar  washer  where  the  process  is  repeated. 

d.  Screening  the  clean  gravel  through  a  cylindrical  sieve, 
with  round  holes  varying  from  |  inch  to  §  inch  in  diameter, 
making  in  all  five  sizes.  The  largest  gi'ains  discarded  by  the 
screen  are  picked  out  at  once. 

e.  Treatment  in  a  '^  pulsator,''  which  is  simply  a  jig  with  con- 
tinuous feed  and  discharge  like  the  Hartz  jigs.  A  bed  for  all 
the  sizes  below  the  largest  is  formed  of  leaden  bullets.  A 
concentrate,  containing  the  diamonds,  passes  through  the  bed ; 
and  refuse  goes  over  the  edge  of  the  jig. 

/.  Picking  out  the  diamonds  by  hand,  first  by  white  men 
when  the  gravel  is  wet,  and  then  by  native  convicts  when  it 
is  dry.  The  opeiation  of  picking  is  repeated  as  often  as  enough 
diamonds  are  found  to  repay  the  cost  of  the  labour.  The 
concentrate  below  ^  inch  is  dried  and  sifted  free  from  dust 
before  picking.  A  terrace-shaped  shaking  table  with  the 
steps  covered  with  a  layer  of  grease  has  proved  successful 
in  sorting  out  diamonds,  which  adhere  better  to  the  grease  than 
does  the  waste.  In  this  way  a  considerable  amount  of  hand 
picking  is  saved.  Formerly,  out  of  192,000  cubic  feet  of  blue 
ground  washed  daily  at  De  Beers  and  Kimberley  mines,  1 60 
cubic  feet  had  to  be  sorted  by  hand.  Now  only  i  cubic  foot 
reaches  the  hand-sorting  tables. 

The  **  hard  blue  "  undergoes  gradual  crushing,  screening,  and 
jigging. 

Flint  and  Ohert. — Flints  are  trimmed  into  square-faced  lumps 
for  building  purposes,  or  are  split  and  trimmed  into  gun-flints. 
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Chert  is  trimmed  by  hammering  into   blocks  for  use  in  the 
potteries. 

Gold. — ^The   precious   metal   may  be  extracted  from  simple 
sand  and  gravel  by  mere  washing,  or  by  washing  combined 
with  amalgamation.     Hydraulic  mining  affords  an  example  of 
the  latter  method.     When  the  gold  is  enclosed  in  hard  rock 
such   as  quartz,  or   occurs   in   a   hard,  tightly  cemented  con- 
glomerate, the  auriferous  stone  has  to  be  crushed  in  order  to 
set  the  metal  free.     A  preliminary  picking  on  a  floor,  endless 
belt,  rotating  table,  &c.,  may  in  some  cases  be  advantageous. 
The  crushing  is  most  often  effected  by  a  stonebreaker,  followed 
by  stamps,  and  the  pulp  is  run  over  amalgamated  copper  plates. 
Mercury  is  often  added  in  the  battery  so  as  to  catch  the  coarse 
gold  at  once.     The  amalgam  scraped  off  the  plates  and  taken 
out  of  the  battery-box  is  cleaned  and  retorted,  giving  spongy 
gold,  which  is  melted  in  crucibles  and  cast  into  bars.     If  the 
ore  contains  much  pyrites  or  other  heavy  metallic  sulphides, 
the  stuff  leaving  the  amalgamated  plates  is  taken  to  a  dressing 
machine  of  some  kind,  such  as  a  Frue  vanner,  which  furnishes 
a   concentrate  consisting  largely  of  metallic  sulphides,  more 
commonly  known  to  miners  by  their  older  name  of  '*  sulphurets." 
These  are  sure  to  contain  gold,  and  they  are  further  treated 
in  various  ways  :  by  direct  amalgamation  in  pans,  which  meaoi^ 
a  still  finer  grinding,  to  liberate  more  of  the  fine  particles  of 
gold,  by  smelting,  by  chlorination,  or  by  the  cyanide  process.* 
Gold  is  also  extracted  by  grinding  up  the  ore  in  mills  or  arrasti-as 
with  water  and  a  little  mercury.     Excellent  results  have  been 
obtained  in  Italy  by  this  method,  even  with  highly  pyritic  ores. 

Dry  crushing  of  gold  ores  is  sometimes  practised.  It  was 
introduced,  for  example,  in  New  Zealand  in  1889,  but  was  aban- 
doned on  the  Hauraki  goldfield  in  1903,  experience  tending  to 
show  that  the  wet  method  is  best  when  possible. 

Sectional  or  graded  milling  has  received  much  attention  in 
South  Africa,  and  the  procedure  favoured  is  briefly —  i .  crusbing 
in  stone  breakers  ;  2.  stamping  down  to  about  |  inch  niesh  ;  and 
3.  grinding  the  product  in  a  tube  mill  to  the  final  size. 

Graphite. — The  graphite  of  Ceylon  is  first  picked  at  the  mine, 
and  then  despatched  to  Colombo  to  undergo  the  processes  of 
cobbing,  picking,  and  screening.  Men  and  women,  using  a 
tool  like  a  small  axe,  chip  off  the  waste  material  from  the  lump^;, 
and  sift  the  small  fragments  upon  slightly  inclined  screens  made 
of  sheet  iron.  They  also  clean  the  lumps  with  brushes  made  of 
cocoa-nut  husks.  In  this  manner  four  different  kinds  of  graphite 
are  produced — viz.,  "large  lumps,"  pieces  about  as  big  as  the 
fist  or  larger ;  "  ordinary  lumps,"  about  the  size  of  walnuts ; 
"chips,"  about  the  size  of  grains  of  wheat;  and  "dust,"  which 

*  This  process  is  also  applied  directly  to  ores  or  battery  tailings 
without  preyioas  concentration. 
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includes  everything  smaller.     The  graphite  is  now  ready  to  be 
packed  in  barrels  for  export. 

One  mode  of  concentrating  certain  kinds  of  graphite  has  been 
mentioned  as  an  instance  of  a  method  depending  upon  differ- 
ences  of  friability;  but  in  addition  to  these  dry  processes, 
graphite  is  also  dressed  by  the  aid  of  water.  In  Moravia  and 
Bohemia  graphite  is  found  in  gneiss,  and  may  be  intermixed  with 
limestone,  quartz,  iron  pyrites,  garnets,  and  hornblende.  Rock 
of  this  kind  is  pulverised  by  grinding  in  mills,  or  by  stamping, 
and  the  pulp  is  made  to  flow  into  rectangular  wooden  boxes  in 
which  the  coarser  particles  and  part  of  the  rock  and  pyrites  are 
deposited.  The  graphite-bearing  water  passes  on  into  a  number 
of  long  rectangular  wooden  troughs,  in  which  the  graphite 
deposits  itself  gradually,  whilst  clean  water  flows  out  of  the 
last  trough.  The  first  trough  has  the  worst  graphite,  and  the 
last  the  best  quality  of  the  mineral.  The  deposit  is  dug  out, 
pressed  in  filter  presses,  and  the  resulting  c^es  are  dried  in 
stoves. 

Oypsum. — The  preparation  of  gypsum  for  the  market  resolves 
itself  into  picking,  breaking,  burning,  and  grinding ;  or  where 
the  gypsum  is  required  for  other  purposes  than  cement  making, 
the  burning  or  baking  is  omitted. 

In  Sussex  the  waggons  coming  from  the  mine  are  tipped 
on  to  a  floor,  the  larjge  lumps  are  broken  up  with  a  sledge- 
hammer, and  any  pieces  much  mixed  with  worthless  rock  are 
picked  out  as  useless.  The  remainder  is  sent  to  a  stonebreaker, 
and  the  broken  lumps  go  either  to  a  baking  oven  to  be  made 
into  plaster,  to  a  burning  oven  if  Parian  cement  is  required, 
or  to  a  grinding  apparatus  if  the  gypsum  is  sold  to  manure 
merchants. 

After  burning  or  baking,  the  product  is  ground,  first  by 
toothed  rolls  and  then  under  edge-runners.  It  is  now  taken 
up  by  an  elevator,  put  through  a  fine  revolving  screen^  and  is 
drawn  off  into  sacks. 

Iron. — With  a  substance  of  small  intrinsic  value  like  iron 
ore,  the  methods  of  dressing  must  be  inexpensive  if  they  are 
to  be  commercially  profitable ;  but  the  matter  is  of  ever-growing 
importance,  most  of  the  iron  of  commerce  obtained  at  present 
from  ores  going  direct  to  the  smelter  without  any  preparation 
beyond  picking  out  refuse.  A  few  instances  of  calcination  have 
already  been  noted,  and  also  the  separation  of  fine  ore  by  a 
sieve.  Iron  ore  is  sometimes  washed  by  churning  in  washing 
trommels  or  mechanically  stirring  in  troughs  as  at  some  of  the 
mines  in  the  Biscay  provinces  of  Spain,  in  the  United  States,  and 
elsewhere,  in  order  to  get  rid  of  adherent  clay.  At  the  mines 
of  North  Lancashire  some  of  the  hsematite,  mixed  with  clay 
and  siliceous  matter,  is  made  fit  for  the  blast-furnace  by  crush- 
ing and   jigging.     The   same   line  of  treatment  is  pursued  in 
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the  dressing  works  of  the  Chateaugay  Company,  at  Lyon 
Mountain,  New  York.  The  mine  produces  magnetic  iron  ore, 
the  richer  parts  of  which  are  picked  out,  whilst  the  leaner  parts, 
consisting  of  grains  of  magnetite  disseminated  through  gneiss, 
go  to  the  mills  for  concentration.  This  mixed  ore  is  crushed 
by  Blake  breakers,  and  after  screening  is  treated  in  jigs.  Other 
instances  of  jigging  might  be  mentioned. 

Haematite  for  fettling  puddling  furnaces  is  ground  under 
edge-runners,  and  that  which  is  used  for  making  castings 
malleable  is  carefully  screened.  Special  qualities  are  picked 
out  for  these  purposes. 

In  Sweden,  in  Norway,  and  in  the  United  States  the  concen- 
tration of  magnetite  by  the  aid  of  magnetism  is  occupying  much 
attention,  as  may  be  infeired  from  the  descriptions  of  magnetic 
separators  given. 

The  manufacture  of  iron  ore  briquettes  is  carried  on  at 
Harrang  in  Sweden,  at  Dunderland  in  Norway,  and  at  the 
Kertch  mines  in  South  Russia.  At  the  last-named  locality  the 
brown  Oolitic  iron  ore,  containing  i8  per  cent,  of  moisture,  is 
screened,  dried  in  stoves  by  the  waste  heat  from  Copp6e  coke 
ovens,  and  compressed  into  cylindrical  briquettes  under  a 
pressure  of  700  atmospheres. 

Lead. — A  few  mines  produce  lumps  of  galena  so  pure  that 
they  merely  require  washing  in  order  to  be  ready  for  sale  to  the 
smelter  or  the  potter. 

Much  of  the  lead  ore  from  veins  is  dressed  by  crushing, 
sizing,  and  jigging ;  the  particles  under  i  mm.,  or  at  all  events 
under  ^  mm.,  are  treated  by  revolving  tables,  percussion  tables, 
endless  belts  or  buddies. 

The  crushing  is  done  first  by  a  stonebreaker  and  then  by 
rolls.  Blende  is  often  associated  with  galena,  but  owing  to  the 
difference  in  their  specific  gravities,  a  separation  can  be  made 
by  the  appliances  just  mentioned.  Products  obtained  from  the 
jigs  consisting  of  mixed  minerals  have  to  be  re-crushed,  and 
then  treated  once  more  by  machinery  similar  to  that  used  for 
the  original  ore. 

The  s<.)ft  lead-bearing  sandstone  of  Mechernich  crumbles  to 
pieces  so  ejisily,  that  by  the  time  it  reaches  the  dressing  estab- 
lishment,  after  having  fallen  down  in  the  underground  chambers 
and  drapped  through  shoots  into  the  waggons,  most  of  it  is  in  a 
fit  stiite  for  the  concentrating  machinery.  The  works  are 
specially  designed  for  treating  very  large  quantities  of  poor  ore 
consisting  almost  entirely  of  galena  and  quartz  sand ;  their 
main  feature  is  the  use  of  the  siphon  separator,  by  which  a  very 
lar^e  pi\>(H)rtion  of  the  stuff  is  at  once  concentrated  into  clean 
iMuoretions  {Knatfen)  containing  about  22  per  cent,  of  lead. 
This  concentrate  goes  to  another  establishment^  where  it  is 
stamped  and  passe<i  through  siphon  separatoi*s,  jigs,  revolving 
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tables,  and  round  buddies,  in  order  to  separate  lead  ore,  fit  for 
the  furnaces. 

Manganese. — ^The  only  preparation  of  the  manganese  ore  in 
Wales,  in  India,  in  the  Caucasus,  and  in  Brazil  is  separating  the 
fine  ore  under  J  inch,  by  sifting  in  the  mine,  and  picking  out  any 
pieces  of  waste  or  very  poor  rock.  The  Devonshire  ore,  which 
consisted  largely  of  psilomelane,  was  washed  and  picked,  and  the 
"smalls"  were  jigged.  Some  of  the  large  ore  was  crushed  ;  the 
coarse  part  was  jigged,  and  the  fine  defined  in  buddies. 

Mica. — The  rough  blocks  obtained  from  the  mine  are  cleaved 
by  means  of  steel  wedges  into  sheets  |  inch  or  less  in  thickness, 
and  these  are  cut  by  the  "  scriber  "  into  the  shapes  required 
for  stove  windows.  There  are  a  very  large  number  of  patterns, 
ranging  in  size  from  ixitoSxio  inches.  The  cutting  is  done 
with  a  knife  along  the  edges  of  a  template  made  of  iron  or  tin- 
plate.  The  blocks  of  crude  mica  yield  from  ^V  ^  8  ^^  ®^^  mica 
fit  for  the  market.  The  irregular  scraps  are  now  made  into 
artificial  sheets  or  ground  up  into  fine  powder  and  used  in  the 
manufacture  of  electric  insulators,  non-conducting  packing, 
wall-paper,  tinsel,  hair-powder,  and  lubricants. 

In  India  the  mica  sheets  are  trimmed  by  cutting  off  the 
broken  and  flawed  edges,  and  are  sent  to  the  London  market 
in  sheets  of  irregular  shape.  An  important  part  of  the  dress- 
ing operations  consists  in  splitting  the  mica  to  remove  inclusions 
of  foreign  materials  that  would,  if  allowed  to  remain,  lessen 
the  value  of  the  sheet. 

Nitrate  of  Soda. — The  process  of  extracting  the  commercial 
nitrate  from  the  crude  caliche  has  already  been  sufficiently 
described,  in  speaking  of  the  preparation  of  minerals  by  solution 
and  crystallisation. 

Ochre. — Native  ochre  is  ground  under  an  edge-runner  with 
water,  and  the  product  is  run  into  settling  pits.  Coarse  sand 
settles  first,  and  further  away  the  sediment  consists  of  fine 
ochre,  which  is  dug  out  and  dried.  The  ochre  deposited  by  the 
water  coming  from  cementation  pits  has  simply  to  be  dug  up 
and  dried. 

The  native  umber  of  Devonshire  is  stamped  and  ground 
under  edge-runners  ;  the  umber  suspended  in  water  is  pumped 
up  and  allowed  to  settle  in  tanks  until  it  can  be  dug  out.  It  is 
then  dried  in  the  same  way  as  china  clay. 

Ozokerite. — Some  of  the  mineral  is  brought  up  in  the  form 
of  fairly  clean  lumps  which  have  been  picked  out  underground 
and  put  into  sacks.  These,  together  with  similar  pieces  picked 
out  above  ground  and  scraped  free  from  dirt,  are  melted  in  large 
semi-spherical  open  cast-iron  pans  and  boiled.  When  allowed 
to  settle,  the  earthy  matter  falls  to  the  bottom  and  clean 
ozokerite  floats  on  the  top.  This  is  ladled  out  into  cylindrical 
moulds,  and  on  cooling  furnishes  the  large  loaves  of  commercial 
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oxokerite.  Water  is  added  to  the  earthy  residues  at  the  bottom 
of  the  pans,  and  the  whc4e  brought  to  the  boiling-point 
i  Ozokerite  rises  to  the  top  and  is  skimmed  off,  whilst  the  residaes 
remaining  at  the  bottom,  which  still  contain  some  lo  per  cent. 
of  wax.  are  sold  to  dealers  who  extract  it  by  means  of  benzine. 

The  small  stuff  coming  from  the  mine  which  will  go  through 
a  grating  with  bars  2  inches  apart  is  put  into  a  tub  of  water ; 
the  wax  rises,  is  skimmed  off  with  a  sieve  and  purified  by  melt- 
iiig.  and  the  earthy  residues  are  sold,  or  are  stocked  until  the 
miner  puts  up  plant  for  extraction  by  bennne. 

Phogphate  of  IdBM. — ^The  varieties  of  this  mineral  are  so 
numerous,  from  the  hard  compact  apatite  of  Canada  to  the 
pulrenilent  mineral  of  the  Somme  district,  that  the  modes  of 
treatment  must  necessarily  be  extremely  different ;  sometimes 
also  the  minenil  is  sold  finely  ground  and  put  up  in  sacks  ready 
for  the  farmer;  in  other  cases  the  miner  satisfies  himself  with 
removing  all  waste,  and  leaves  to  other  persons  such  processes 
as  milling  or  manufacture  into  superphosphate. 

As  a  rule,  the  treatment  may  be  summed  up  as  drying  and 
grinding,  often  preceded  by  a  preliminary  washing.  For  in- 
.stance,  the  phosphate  of  the  Somme  is  dried  first  upon  iron- 
plated  fioors,  and  then  in  a  Ruelle  stove  or  a  revolving  calciner. 
ThLs  prepares  it  for  grinding.  The  first  grinding  is  done 
between  two  vertical  stones,  and  all  that  is  fine  enough  is 
drawn  out  by  an  exhaust  fan ;  the  portion  which  is  too  coarse 
to  be  sucked  up  by  the  current  of  air  passes  into  a  mill  with 
horizontil  stones  and  is  re-ground.  After  being  put  into  sacks 
it  is  readv  for  the  manure  merchant,  or  for  the  farmer  if  he 
applies  it  to  his  land  direct. 

The  nodules  of  the  South  Carolina  phosphate  are  freed  from 
the  sand  and  clay  by  a  mechanical  washer,  in  the  form  of  a 
helix  revolving  in  a  trough.  The  material  is  fed  in  at  the 
lower  end  and  is  gradually  screwed  up  to  the  other  against  a 
strong  stream  of  water.  The  water  carries  away  the  waste, 
and  clean  lumps  are  delivered  at  the  other  end.  The  washed 
nodules  are  dried  in  kilns  and  are  then  ready  for  export 

In  Swe<ien  and  Norway  veins  of  apatite  associated  with  iron 
ore  are  met  with,  the  deposits  containing  as  much  as  60  per 
cent,  of  apatite.  At  the  works  on  the  island  of  Svarto,  near 
the  shipping  pier  at  Lule^,  100,000  tons  are  treated  annually. 
The  ore  crushed  in  stonebreakers  and  mixed  with  the  fine  ore 
is  dried  in  a  rotary  cylinder  32  feet  long,  4 J  feet  in  diameter, 
and  inclined  at  an  angle  of  5''.  After  drying,  the  ore  is 
pulverised  and  subjected  to  magnetic  concentration  in  a  Ball 
and  Norton  machine,  the  products  being  pure  magnetic  iron  ore 
and  a  mixture  of  waste  rock  and  apatite.  The  apatite  is 
tre:\ted  by  converting  the  mixture  into  a  slime  by  addition  of 
water,  from  which  the  large  particles  are  separated  for  further 
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classification  in  fine-grain  jigging  machines.  The  fine  slimes 
are  washed  after  a  preliminary  sorting  on  revolving  buddies 
and  percussion  frames.  The  pure  apatite  obtained  is  dried  in  a 
rotating  cylinder,  16^  feet  long  and  3  feet  in  diameter,  and 
then  reduced  to  an  extremely  fine  state  of  division,  in  cement- 
grinding  mills.  The  powder  is  then  intimately  mixed  with 
anhydrous  soda,  and  the  mixture  heated  in  a  double-hearth 
reverberatory  furnace,  and  then  again  finely  pulverised,  the 
final  product  being  a  highly  valuable  fertiliser  of  great 
solubility,  containing  30  per  cent  of  phosphoric  anhydride, 
and  having  the  same  composition  as  basic  slag,  that  of  a 
tetra-basic  phosphate,  in  which,  however,  one  molecule  of 
the  base  is  formed  of  soda  instead  of  lime,  its  formula  being 
Ca3Na2P20g.  This  process  is  the  invention  of  Professor  J.  G. 
Wiborgh. 

Potaasium  Salts. — The  two  principal  potassium  salts 
obtained  by  mining  are  carnallite  and  kainite.  Simple 
grinding  is  often  the  only  preparation  before  sale,  but  in  some 
cases  the  carnallite  undergoes  a  complicated  treatment  by 
solution  and  crystallisation,  for  the  purpose  of  extracting 
chloride  of  potassium  and  utilising  the  by-products  obtained 
in  these  processes. 

Quicksilver. — The  great  intrinsic  value  of  quicksilver  ore 
enables  hand-picking  to  be  carried  further  than  would  be  com- 
patible with  a  mineral  of  little  worth.  At  Idria  the  loss  of 
mercury  was  so  great  under  the  old  system  of  wet  dressing, 
in  spite  of  the  high  specific  gravity  of  cinnabar,  that  this 
method  was  given  up  some  fifty  years  ago.  Nowadays,  the 
preparation  for  the  smelting  is  done  solely  by  crushing,  sizing, 
and  hand-picking.  The  stuff  broken  in  the  mine  is  separated 
underground  into  waste,  poor  ore,  and  rich  ore.  The  first  is 
left  in  the  workings,  and  the  two  kinds  of  ore  are  tipped 
separately  on  to  a  grating  with  holes  of  4  inches  (100  mm.) 
across.  The  coarse  lumps  are  crushed  by  Blake's  stonebreakers, 
and  the  broken  ore  which  is  too  big  to  pass  through  holes  of 
-\  inch  (20  mm.)  is  hand-picked  ;  the  portions  so  separated  are 
made  ready  for  the  smelting  works  by  further  crushing.  When 
poor  ore  is  being  treated,  waste  can  be  picked  out  and  thrown 
away  at  once.  The  stuff  passing  through  the  20  mm.  mesh  is 
crushed  by  rolls  and  sent  to  the  smelting  works. 

The  '*  smalls "  which  passed  the  100  mm.  grating  are 
screened  on  a  2 -inch  (50  mm.)  sieve ;  the  coarse  goes  to  the 
stonebreaker  and  the  fine  to  screens  of  different  sizes.  All 
that  is  over  |  inch  (20  mm.)  is  picked,  and  some  waste  taken 
out ;  what  is  under  this  size  is  passed  through  the  rolls  and  so 
made  fit  for  the  furnaces. 

Rare  Earths. — With  the  invention  of  the  system  of  incan- 
descent gas  lighting  by  Auer  von  Welsbach  in  1886,  the  rare 
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earths  at  once  acquired  industrial  importance,  and  eager  search 
was  made  for  minerals  containing  them.  The  chief  source  of 
thoria  is  monazite,  a  mineral  occurring  in  Brazil,  Norway,  the 
Urals,  Carolina,  and  Canada.  The  deposits  of  commercial  value 
represent  the  product  of  the  decomposition  and  disintegratioD 
of  granite  that  contained  monazite.  The  monazite  sands  are 
washed  in  sluice  boxes,  similar  to  those  employed  in  allnyial 
gold  mining.  The  sluice  boxes  measure  8  feet  in  length,  20 
inches  in  width,  and  20  inches  in  depth.  Two  men  work  at 
a  box,  one  charging  the  gravel  on  a  perforated  plate  at  the 
upper  end,  and  the  other  working  the  contents  up  and  down 
with  a  fork  or  perforated  shovel,  so  as  to  cause  the  lighter 
sands  to  float  off.  The  boxes  are  cleaned  out  at  the  end  of 
the  day's  work.  Magnetite,  if  present,  is  eliminated  from  the 
dried  sand  by  treatment  with  a  large  magnet.  Many  of  the 
heavy  minerals,  such  as  zircon,  rutile,  corundum,  garnet,  &c.j 
can  be  completely  eliminated.  A  clean  sand  containing  65  to 
70  per  cent,  of  monazite  is  considered  of  good  quality. 

Salt. — ^The  mode  of  making  a  saleable  product  from  brine 
has  already  been  described  ;  but  it  must  not  be  forgotten  that 
brine  itself  is  sold  as  such  to  works  which  make  alkali  by  the 
Solvay  process. 

Some  rock-salt  is  prepared  for  the  market  by  crushing.  At 
one  of  the  Cheshire  mines  there  are  three  pairs  of  crushing 
rolls  one  above  the  other,  the  first  pair  coarsely  fluted,  the 
second  pair  fluted,  but  less  coarsely,  and  the  third  or  lowest 
pair  smooth.  The  rolls  are  from  1 8  inches  to  2  feet  in  diameter 
and  2i  feet  long.  The  rolls  of  another  crusher  are  made  up  of 
toothed  rings  threaded  upon  shafts,  and  so  arranged  that  the 
teeth  of  one  roll  fit  between  two  of  the  rings  of  the  opposite 
roll.     Some  of  the  salt  is  also  ground  by  a  disint^rator. 

At  Syracuse,  New  York,  wells  are  sunk  not  into  the  salt 
bed  itself,  but  into  an  ancient  gravel  deposit  saturated  with 
brine.  The  brine  is  run  in  a  continuous  stream  into  large  pans 
130  feet  in  length,  and  as  it  evaporates,  the  salt  is  deposited 
on  the  bottom,  and  is  scraped  on  to  the  sloping  sides  of  the  pan. 

For  drying  and  packing  salt,  a  matter  of  great  importance 
in  the  tropics,  many  ingenious  inventions  have  been  proposed. 
A  fertile  inventor  in  this  field  was  Carl  von  Balzberg  who  was 
the  first  to  compress  salt  into  briquettes.  He  employed  a 
hydraulic  press  working  up  to  a  pressure  of  200  atmospheres, 
the  salt  being  reduced  to  half  its  volume  in  the  loose  state.  At 
the  Aussee  ssilt  mines  in  Austna  the  plant  turns  out  in  24 
houi-s  40,000  &ilt  briquettes  weighing  2  lbs.  each,  and  contain- 
ing not  more  than  i  per  cent,  of  moisture. 

Silver. — The  ores  of  silver  mav  be  divided  into  two 
classes :  silver  ores  proper,  and  argentiferous  lead  and  copper 
ores. 
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Many  of  the  silver  minerals  are  very  friable,  and  are  liable 
to  be  carried  off  with  the  refuse,  if  subjected  to  the  ordinary 
wet  dressing  processes;  the  preparation  of  such  ores  at  the 
mine  is  generally  limited  to  crushing,  picking,  and  cobbing. 
The  miner  then  relegates  to  others  the  task  of  extracting  the 
precious  metal  by  methods  based  upon  its  affinity  for  quick- 
silver or  molten  lead,  or  upon  the  leaching  properties  of 
hyposulphite  of  soda. 

Argentiferous  lead  and  copper  ores  are  concentrated  by  the 
processes  in  vogue  for  the  baser  metals ;  but  if  the  proportion  of 
silver  is  large,  a  greater  amount  of  labour  may  be  expended 
upon  hand-picking  and  cobbing  than  would  be  permissible  with 
ores  of  lead  and  copper  alone. 

Slate. — Two  articles  of  commerce  are  made  at  the  quarries : 
roofing  slates  and  thick  slabs  used  for  cisterns,  billiard -tables, 
and  tombstones.  The  slate  arrives  at  the  surface  in  the  form 
of  large  blocks,  often  weighing  two  tons  or  more.  These  are 
divided  by  splitting  into  slabs  about  3  inches  thick,  which  go  to 
the  sawing  tables.  The  circular  saw  cuts  up  the  slabs  into 
pieces  suitable  for  the  operation  of  fine  splitting ;  by  the  care- 
ful and  dexterous  use  of  his  wedge  and  mallet,  the  quarry  man 
is  able  to  split  the  slab  into  thin  sheets,  which  at  Festiniog 
often  do  not  exceed  ^  inch  in  thickness.  These  have  to  be 
trimmed,  generally  into  a  rectangular  form.  Though  this 
operation  can  be  and  often  is  performed  by  hand,  it  is  more 
common  to  use  some  kind  of  knife  worked  by  machinery  (Fig. 
640).  The  slates  are  then  sorted  by  hand  according  to  their 
quality.  The  slabs  are  first  split  out  of  blocks,  and  are 
finished  by  being  sawn  into  shape  and  planed  smooth  by 
machinery. 

Stone.— It  is  impossible  in  a  general  treatise  to  enter  into 
any  details  concerning  the  preparation  of  stone  at  mines  and 
openworks.  Some  stone  is  shaped  by  hammering  into  paving 
blocks  or  "  setts  " ;  much  is  crushed  by  stonebreakers  and  sold 
as  road-metal  after  removal  of  the  fine  by  screening ;  freestone 
is  sawn  so  as  to  suit  the  builder ;  flags  are  obtained  by  splitting 
micaceous  sandstone  along  the  planes  of  bedding  and  trimming 
the  edges. 

Sulphur. — ^This  element  is  obtained  from  the  rock,  which 
contains  it  in  the  native  state,  by  simple  liquation  in  a  kiln  of 
some  kind,  intermittent  {calcarone)  (Fig.  680)  or  continuous 
(Gill's  furnace),  by  liquation  in  steam-heated  cylinders,  or  by 
distillation  in  iron  retorts.  The  last  process  is  now  almost 
entirely  abandoned. 

Tin. — The  tin  ore  obtained  from  veins  usually  contains  the 
cassiterite  so  finely  disseminated  through  the  stone,  that  a  con- 
siderable amount  of  comminution  is  required  before  the  valuable 
grains  are   thoroughly  liberated,  and  so  rendered  capable  of 
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being  separated  by  washing.  In  Cornwall  the  first  process  is  a 
preliminary  crushing  by  a  Blake's  stonebreaker,  followed  bj 
stamping  until  the  pulp  will  pass  through  a  fine  grate.  The 
pulp  is  led  into  round  buddies  or  Frue  vanners  in  order  to 
produce  a  first  concentrate,  containing  not  only  all  the  cassi- 
terite,  but  also  the  iron  pyrites,  mispickel  and  other  metallic 
sulphides  with  which  it  is  so  often  associated.  By  repeating 
the  operation  of  huddling,  a  concentrate  is  obtained,  which  is 
subjected  to  "  tossing  and  packing  "  in  order  finally  to  prepare 
it  for  the  furnace.  This  first  concentrate,  known  in  Cornwall 
by  the  name  of  tchitSf  is  dried  upon  the  top  of  the  calciner  and 
then  roasted  in  the  manner  already  described.  After  roasting, 
the  huddling  is  repeated,  and,  lastly,  the  tossing  and  packing, 
with  the  result  that  clean  tin  ore  with  65  to  70  per  cent^  of 
metal  can  be  put  away  in  bins,  ready  to  be  done  up  in  sacks 
and  despatched  to  the  smelting  works.  In  some  cases  the  ore 
is  not  contaminated  with  sulphides,  and  no  roasting  is  required. 

The  tin-bearing  sand  and  gravel,  which  have  furnished  and 
are  still  furnishing  such  a  large  proportion  of  the  world's  supply 
of  the  metal,  can  be  treated  in  a  speedier  fashion.  The  wash- 
dirt  is  simply  shovelled  or  hoed  against  a  stream  of  water  in  a 
ditch  or  trough  ;  the  light  waste  is  washed  away,  and  the  heaTV 
pebbles  and  clean  grains  of  cassiterite  are  left  at  the  het^/^\. 
This  is  the  method  usually  employed  in  the  East. 

The  tin-gmvel  worked  at  Restronguet  Creek,  near  Truro,  wa.s 
washed  with  water  in  order  to  separate  adherent  clay,  and  then 
passed  to  a  revolving  sieve.  The  fine  stuff  was  jigged,  and 
finally  cleane<l  by  a  propeller-knife  huddle ;  the  large  pebbles 
were  picked  over,  and  those  containing  tin  were  stamped  and 
treatoil  like  vein  rock. 

At  Mount  Bischoff,  Tasmania,  the  ore  is  stamped  by  896  lb. 
stamps,  treating  four  tons  per  stamp  in  twenty -four  hoars,  and 
tlien  da^fied  in  upward  current  classifiers,  the  overflow  carrying 
away  the  slimes.  The  coarse  ore  passes  into  two-compartment 
jigs ;  those  working  on  coarse  sand  have  sieves  of  144  holes  per 
square  inch,  and  are  driven  at  a  speed  of  160  strokes  of  ^v  inch 
per  minute,  whilst  those  for  fine  sand  have  196  hole-sieves,  and 
ai-e  driven  at  202  strokes  of  |  inch  per  minute.  The  ore  then 
}vu^os  to  rotating  tables  10  to  15  feet  in  diameter,  with  a  slope 
of  I  in  12,  the  tables  being  rotated  once  in  2^  minutes.  The 
slime  dojHvdted  is  waslied  off  by  jets  of  wat-er.  The  Kayser 
cvnictive  tables  used  are  14  feet  and  20  feet  in  diameter  and 
make  ^^  i^t^volutions  per  minute.  The  slimes  and  sands  fed  on 
them  contain  25  per  cent,  of  ore.  The  loss  in  tailings  averages 
0*01  to  2  pt»r  cenlw  of  tin. 

Zittc. — Calamine  has  sometimes  to  be  washed,  in  oixler  to  rid 
it  i^  clay,  before  it  is  crushed  and  jiggetl  like  lead  ore.  Oxide 
of  irv>n  may  be  removed  by  a   reducing  roasting  followed  bv 
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magnetic  separation,  as  at  Monteponi  in  Sardinia,  and  at  Reocin 
in  Spain.  Blende  is  dressed  in  the  same  way  as  lead  ore,  and 
is  often  obtained  from  one  compartment  or  portion  of  a  dressing 
machine,  whilst  galena  is  being  discharged  from  another. 

LOSS  IK  DRESSING. 

The  loss  in  dressing  is  frequently  very  great,  and  proofs  of 
this  fact  constantly  come  under  one's  notice.  Old  heaps  of 
mining  refuse  left  by  former  workers  may  be  seen  yielding  an 
abundant  harvest  to  a  later  generation,  and  even  with  the 
machinery  of  to-day  the  extraction  is  far  from  perfect.  For 
instance,  in  the  year  1903  no  less  than  839  tons  of  dressed  tin 
ore,  worth  ;£42,i36,  were  extracted  from  the  muddy  water 
discharged  into  the  Bed  River  and  its  tributaries  by  large  tin 
mines  near  Camborne  and  Redruth. 

The  loss  is  due  to  several  causes.  First  comes  imperfect 
severance  of  the  valuable  mineral  from  the  worthless  constituents 
of  the  ore  during  the  crushing  process ;  this  is  unavoidable  if  the 
mineral  occurs  in  the  state  of  very  minute  particles.  Secondly, 
the  thickness  of  the  dirty  water  escaping  from  the  machines, 
which  impedes  the  subsidence  of  the  fine  grains ;  thirdly,  want 
of  care  on  the  part  of  the  persons  placed  in  charge  of  the 
machinery.  In  addition  to  these  causes,  which  are  general, 
special  reasons  accounting  for  loss  will  be  found  with  certain 
minerals :  the  amalgamation  of  gold  is  prevented  by  grease,  by 
any  coating  or  film  upon  it  which  impedes  close  contact  with  the 
mercury,  by  the  presence  in  the  ore  of  substances  which  have  an 
injurious  effect  upon  the  mercury,  ** sickening"  it,  or,  in  other 
words,  depriving  it  of  its  natural  activity.  Again,  if  the  mineral 
is  flaky,  it  will  not  fall  so  easily  in  water  as  if  the  particles  more 
nearly  approached  a  spherical  shape. 

The  actual  loss  has  been  very  carefully  ascertained  in  some 
cases,  though  less  attention  is  paid  to  exact  determinations  than 
the  subject  deserves.  Three  cases  of  loss  at  mines  producing 
argentiferous  galena  and  blende  may  be  cited. 

The  ore  delivered  to  the  Himmelfahrt  works,  near  Freiberg, 
contains  2 J  per  cent,  of  lead,  0*275  P®^  cent,  of  zinc,  and  7*3  ozs. 
of  silver  per  metric  ton  (23  grammes  per  100  kil.),  besides  a 
little  copper,  ^  per  cent,  of  arsenic,  and  5  per  cent,  of  sulphur. 
The  galena  is  dressed  to  85  per  cent,  of  lead  and  96  ozs.  of  silver 
(300  grammes  per  100  kil.),  the  blende  to  40  per  cent,  of  zinc 
and  9*6  ozs.  of  silver  (30  grammes  per  100  kil.),  the  pyritic 
minerals  to  40  per  cent,  of  sulphur  and  16  ozs.  of  silver  (50 
grammes  of  silver  per  100  kil.).  The  losses  are  found  to  be  21 
per  cent  of  the  silver,  38  per  cent,  of  the  lead,  and  60  per  cent, 
of  the  sulphur. 

At  the  Churprinz  works,  also  near  Freiberg,  the  raw  ore  con- 
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tains  3  per  cent,  of  lead,  and  3  ozs.  of  silver  per  metric  ton  (9I 
grammes  per  100  kiL),  and  a  dressed  product  is  prepared  with 
70  per  cent  of  lead  and  16  ozs.  of  silver  per  ton  (50  grammes  of 
silver  per  100  kil.).  The  loss  in  dressing  is  2 2 '8  per  cent,  of  the 
silver  and  14*9  per  cent,  of  the  lead. 

The  ore  treated  at  Ems  contains  4  per  cent,  of  lead,  2^  per 
cent,  of  zinc,  and  1*7  ozs.  of  silver  per  metric  ton  (5*4  grammes 
per  100  kil.),  but  the  enrichment  by  washing  is  not  carried  so 
far  as  at  the  other  works.  The  galena  is  dressed  to  36  per  cent 
of  lead  and  9-6  ozs.  of  silver  per  metric  ton  (30  grammes  per  100 
kiL),  and  the  blende,  which  is  not  argentiferous^  to  44^  per  cent 
of  zinc.  The  losses  are  8  per  cent,  of  the  silver,  6  per  cent,  of 
the  lead,  and  34  per  cent  of  the  zinc. 

It  is  to  be  r^retted  that  many  dressing  establishments  are 
working  entirely  in  the  dark,  and  are,  therefore,  utterly  ignorant 
off  the  losses  that  are  going  on. 

At  few  places  in  the  world  was  the  loss  more  carefully  studied 
than  at  the  mines  of  the  Pestarena  Company  in  Northern  Italy, 
f<Hr  a  sample  was  taken  from  every  waggon  of  crushed  ore  before 
it  went  to  the  mills.  It  was  found  that  about  one-fifth  escaped 
amalgamation  and  was  lost ;  the  ores  sometimes  contained  1  o  to 
20  per  cent  of  the  pyrites. 

Another  kind  of  loss  which  requires  to  be  ascertained  is  the 
purely  mechanical  waste  in  preparing  stone  for  the  market  In 
the  case  of  slate  it  is  very  large,  for  the  blocks  brought  from 
the  workings  into  the  mills  frequently  yield  only  25  per  cent(^ 
roofing  material.  As  the  amount  of  rubbish  produced  in  getting 
out  the  blocks  is  also  considerable,  the  quantity  of  saleable  slat^ 
is  often  onlv  one- twelfth  of  the  actual  rock  excavated. 

m 

Seeing  that  the  proportion  of  waste  material,  whether  in  ore 
mines  or  stone  mines,  is  usually  large,  it  behoves  the  miner,  in 
laying  out  his  dressing  establishment,  to  make  provision  for  the 
disposal  of  great  quantities  of  refuse. 

aAMPUHG. 

The  miner  may  have  to  sample  the  produce  of  his  oiine  for  a 
variety  of  reasona  Sometimes  sampling  is  necessary  in  order  to 
a^'^rtain  the  amount  of  money  due  to  the  workmen ;  it  is  indis- 
pensable when  the  loss  in  dressing  has  to  be  ascertained,  and, 
lastly,  the  miner,  after  preparing  his  various  products  for  sale, 
requires  samples  for  possible  purchasers. 

Sampling  may  be  done  by  hand  or  by  machinery.  Four 
methods  of  hand-sampling  may  be  mentioned : — 

HAin>-SAMPIiINa.— I.  Sampling  by  taking  oat  small  lota. 
— If  the  mineral  is  in  coarse  lumps  and  the  valuable  ingredient 
irregularly  distributed,  picking  up  a  few  stones  here  and  there 
is  not  likely  to  yield  a  very  correct  sample ;  but,  on  the  other 
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hand,  if  the  mineral  is  already  crushed,  and  if  the  small  lot  is 
taken  regularly,  say,  for  instance,  every  tenth  shovelful,  it  is 
possible  to  obtain  great  accuracy. 

This  method  of  sampling  will  also  suffice  in  the  case  of  an  ore 
of  small  intrinsic  value,  such  as  an  iron  ore,  consisting  in  the 
main  of  one  mineral. 

2.  Trenching. — In  order  that  this  method  of  sampling  may  be 
accurate,  it  is  necessary  that  the  mineral  be  well  mixed,  and 
where  a  valuable  ore  is  concerned,  great  care  is  expended  upon 
the  operation.  It  may  happen  that  there  are  a  number  of  small 
heaps  of  dressed  ore,  each  produced  by  a  different  gang  of  men, 
which  have  to  be  mixed  before  being  sold  in  one  lot.  The  stuff 
from  the  first  heap  is  spread  out  evenly  on  a  smooth,  flat  floor. 
Layer  after  layer  is  added  from  the  other  small  heaps  until 
a  large  square  or  rectangular  pile  is  obtained,  made  up  of 
horizontal  strata.  The  mixing  is  now  carried  on  by  taking 
off  a  slice  from  the  side  of  the  heap  with  a  shovel,  so  as  to 
cut  through  all  the  layers ;  the  stuff  is  tossed  on  to  the  floor 
and  spread  over  a  large  area,  and  the  thorough  intermingling  is 
aided  by  a  boy  who  stirs  it  as  it  falls.  The  original  heap  is  cut 
away  slice  after  slice,  and  gradually,  at  the  side  of  it,  another 
heap  is  formed  with  the  particles  thoroughly  mixed,  which  is 
ready  for  the  operation  of  trenching ;  it  may  be,  for  instance, 
10  ft.  wide  by  15  ft.  long,  and  18  inches  high.  If  the  operation 
of  turning  over  and  mixing  was  carried  on  along  the  long  side  of 
the  rectangle,  a  couple  of  trenches  are  dug  across  the  heap  at 
right  angles  to  this  direction^  or  in  other  words  parallel  to  the 
short  sidea  The  trenches  are  cut  down  to  the  bottom,  and  after 
they  have  been  carefully  swept  out,  the  sampler  slices  off  small 
portions  of  the  sides  with  his  shovel.  All  that  he  cuts  down  in 
this  way  is  shovelled  into  hand-barrows,  and  constitutes  the  large 
sample,  which  has  simply  to  be  reduced  in  bulk  by  quartering. 

With  coarsely  broken  mineral  the  part  shovelled  out  in 
making  the  trench  is  often  taken  as  a  first  sample  and  not 
the  thin  slices  from  the  sides,  as  is  done  with  fine  material. 

The  two  trenches  are  sometimes  cut  at  right  angles  to  one 
another,  forming  an  ordinary  cross,  or  along  the 
diagonals,  forming  a  St.  Andrew's  cross,  and  the  Fio.  699. 

heaps  are  often  round  instead  of  being  rectangular. 

3.  Quartering. — Quartering  is  a  process  of 
dividing  a  given  lot  of  mineral  again  and  again 
until  a  sufficiently  small  sample  remains.  The 
mineral  is  made  into  a  conical  heap  by  letting 
each  shovelful  which  is  emptied  fall  down 
evenly    over    the    apex    of    the    cone.       The 

apex  is  pressed  down,  and  the  heap  is  spread  out  till  it 
forms  a  low  truncated  cone,  a  cross  is  marked  upon  it  with 
the  point  of  the  shovel,  and  the  two  opposite  quarters,  say 
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I  wii£  I    y^    to^  ,  irc-   spTk^-cd  aa-i«  azsd  diac&rded,  leaTin^r 

J  1^1  ^  .r  jBji'i.i^  'X  ii»e  zri^i:;^  aucpie.  Theae  two  quarters. 
z  ftjifi  X.  4re^  z^ix^i  tT  L&rrl  ^  c.«v  eocic^  liemp  made,  and  the 
:  \.Lntr.z:t  rtT*AV*L  Tr.^  »<€xt  toae  the  sampler  wiB  retain  the 
.  uw'^.rr^  :  k.1*:  5.  a:/i  ir:-;  a£>ie  2  and  4^  If  the  mineral  is  not 
i_i^  j:  *»i*:»i1  1  :•»■  cra-ift-i  rcjcie  or  twice  and  pat  thiough  a  finer 
«^if^-fr  i":r^.r  I2*i-  re  Trr.is  In  this  manner  a  lar^  sample  is 
r-i' i«"**»i  ir.:^.ii«iT^T  3.  i»ilk  "o  rire  the  miner  a  small  lot  which 
L*  m  fur  k"r*-rvr*  ■:£  ti-*  wrji-e. 

4.  ttBK?^^=BC  SbiMcL — Yz^  imwrm^nt  is  designed  for  the 
3*ir^*>^  -t  .•roiizir^  as.  arera^  sample  of  a  heap  of  mineral  by 

menelv  shoTellin«r  it  orer. 
It  c»>c^<5  of  a  fiat  rectan- 
snlar  plate  with  Totical 
adfls  (Fij?.  70c  u  and  two 
Tertical  partitions  whi^h 
encl*2«e  a  central  compart- 
ment oocopjing  one-fourth 
of  its  area.  This  compart- 
►"I*  i*  ri  j?*»i  x-i  'iL.'r  "Kn,-^  or  faa£.-£e  e«L  whiLn  the  rest  of  the 
I'^v^  i*  icti.  Af'er  tLe  s^Drel  has  been  filled  bv  a  thrust  iiit4> 
lir*  iffxz  It  fr»T-lT  c-i«hed  mineraL  it  i*  easr  to  discharge  the 
:«i-:**r  iiir-*r-:  .cr*^-  -.^  ii*  eccient»  orer  the  hade  end,  and  then. 
XTT-^'  r  h  c-r*r,  to   irp.iat  the  central  qaarter  in  a   sepante 

igAiTHi^g  8AMFIXB0. — Mo<.4i  ingenuity  has  been  di^- 
yjk-i^i  i=.  th^  U:iri*»i  Slate*  with  the  object  of  producinc 
aL»i..:Liz.Try  frr  3  czi^  th«e-  work  of  sampling,  and  thereby  savini: 
ime  mni  ^t»:cr,  to  sit  nuz^thing  of  furnishing  more  accorattr 
rv-rnlis. 

Xx'.r-liz^  to  the  principle  upon  which  they  work,  sampling 
=.w:hi=.<^  =^T  at  otjce  be  divided  into  two  great  classes : — 

:    M&r^-H'^  w'-i:*  ::^e  pan  of  ihe  stream  of  materia!  for  the  wh/.*- 
2    Mi-tL.i-ft'  w:J:i  take  ibe  wi^jie  of  the  stream  of  materia]  for  par: 


« :  In  the  fj-raier  cli^ss  a  spDot  or  opening  of  some  kind  L* 
T-AHireil  5-:  as  to  dirert  part  of  the  stream  of  ore,  coming  from 
a  «.T-2.?her.  for  instance,  into  a  separate  receptacle. 

Two  s&=i tiers  u$e*l  some  years  ago  in  Colorado  belong  to  the 
£rst  cL^ss.  One  of  them  is  a  hollow  cone  with  fotv  large  holes  ; 
the  stream  of  crushe>i  ore  falls  upon  the  apex,  and  the  particlc-s 
>r'r«a.iing  themselves  out  slide  down  over  tiie  steep  stirface. 
The  r>«ftth  of  some  of  the  particles  leads  them  to  the  holers,  w^here 
they  drop  through,  forming  a  sample  of  the  whole.  The  siae  oi 
the  holes  can  be  arranged  so  as  to  extract  a  given  percentage  of 
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the  total  quantity,  and  this  first  sample  can  be  reduced  in  bulk 
by  a  secood  passage  over  the  cone. 

In  the  other  the  desired  result  is  obtained  by  letting  the  ore 
fall  OD  to  three  incliued  shelves  one  above  the  other.  Each  shelf 
has  openings  which  allow  a  portion  of  the  ore  to  drop  through. 
The  ore  dropping  through  the  first  shelf  falls  upon  we  second, 
which  in  its  turn  eliminates  part  and  lets  the  remainder  drop  on 
to  the  third  shelf,  where  the  process  is  repeated.  The  portion 
which    has  passed   through   the   three  shelves  constitutes  the 

Glarkson'e  Rapid  Sampler,  an  English  machine  (Fig.  701), 
consists  of  a  revolving  conical  hopper,  supplied  with  the  mineral, 


which  runs  through  a  hole  in  the  bottom,  and  drops  on  to  the 
apex  of  a  cone.  In  the  path  of  the  falling  stream  of  mineral, 
now  converted  into  a  hollow  rotating  cylinder,  there  are  two 
segmental  spouts,  which  intercept  any  desired  proportion  of  it, 
and  BO  furnish  two  independent  samples.  The  size  of  the  spout 
determines  the  percentage  which  is  diverted  as  a  sample. 

(3)  In  the  second  class  the  whole  stream  is  defiected  at  regular 
intervals,  and  this  method  has  the  advantage  of  ensuring  the 
proper  proportion  between  the  fine  and  the  coarse,  which  cannot 
always  be  attained  by  the  fixed  spout ;  where  the  constituent 
minerals  vary  in  friability,  the  accuracy  of  the  result  must  de- 
pend upon  this  proportion  being  sta^ctly  maintained.  In 
Brunton's  sampler  the  stream  of  ore  falling  down  a  vertical 
trough  is  diverted  to  one  side  or  the  other  by  a  partition  which 
is  moved  backwards  and  forwards  by  very  simple  machinery. 
There  are  means  of  regulating  the  proportion  of  the  time  during 
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which  the  stream  is  being  turned  into  the  side  for  receiving  the 
sample. 

Bridgman's  ore-sampler  has  the  advantage  of  supplying  two 
absolutely  independent  samples,  and  it  divides  them  as  often  as 
desirable  previous  to  a  recrushing. 

The  work  is  begun  by  a  horizontal  revolving  wheel  formed  of 
two  concentric  lings,  with  vertical  partitions  dividing  it  into 
eight  segments  (Fig.  702).  Underneath  this  first "  apportioner," 
as  it  is  called  by  the  inventor^  comes  a  second  one  (Fig.  703) ;  it 
is  a  funnel  with  openings,  a,  b,  c,  d,  on  the  side,  and  is  made  to 
revolve  in  the  opposite  direction  to  the  first.  It  is  succeeded  by 
a  third  of  similar  construction.  The  ore  is  fed  from  a  pipe  on  to 
some  point  of  the  first  apportioner,  and  each  segment  necessarily 
receives  one-eighth  of  the  stream ;  segment  No.  i  has  a  spout 
which  travels  round  the  outer  circumference  of  the  apportioner 
below  it,  passing  over  the  holes  a  and  h,  whilst  the  spout  of  No. 
5  takes  an  inner  path,  including  the  holes  e  and  d ;  the  spouts 
<)^  2,  3^  4,  6,  7,  and  8  deliver  their  ore  into  the  centre  0.  One- 
eighth  of  the  stream  from  the  spout  of  No.  1  drops  through  a  and 
another  eighth  through  b  ;  the  rest  falls  on  to  the  parts  A  and  B 
of  the  funnel  and  is  discharged  into  the  centre.  Likewise 
the  original  one-eighth  from  spout  5  drops  in  part  through 
e  and  dy  and  in  part  on  to  A  and  B.  The  portion  passing 
down  through  a  and  b,  or  through  c  and  ^/,  is  therefore  one- 
quarter  of  one-eighth,  or  one-thirty-second,  of  the  original  bulk. 
The  third  apportioner  again  collects  one-quarter  and  discards 
three-quarters  of  each  of  the  two  samples  coming  to  it,  so  that  the 
final  samples  furnished  by  the  machine  are  both  y|^  of  the  total. 
These  first  samples  are  then  recrushed  and  passed  through 
another  machine  of  similar  construction  but  giving  only  one 
sample. 
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CHAPTER    XIV. 

LEGISLATION. 

The  chief  object  of  this  chapter  is  to  call  attention  to  the 
principal  laws  affecting  the  working  of  mines  and  quarries  in 
the  British  Isles. 

The  subject  may  be  taken  under  the  following  heads : — 

1.  Ownerahip 

2.  Taxation. 

3.  Working  regulations. 

4.  Sandry  special  statutes. 

I.  Ownenhip. — In  the  United  Kingdom  the  person  owning 
the  surface  is  primd  facie  entitled  to  all  the  minerals  under- 
neath, excepting  in  the  case  of  mines  of  gold  and  silver,  which 
belong  to  the  Crown.  The  Crown,  however,  does  not  claim 
gold  and  silver  extracted  from  the  ores  of  the  baser  metals. 
Thus  we  find  that  the  Crown  receives  a  royalty  for  the  gold 
extracted  from  auriferous  quartz  raised  upon  private  property 
in  Wales,  but  gets  nothing  whatever  for  the  silver  contained  in 
argentiferous  galena. 

The  ownership  of  the  minerals  can  be,  and  often  is,  severed 
from  that  of  the  surface,  the  latter  being  sold  whilst  the  mineral 
rights  are  reserved  by  the  original  owner.  Minerals  lying 
under  the  surface  between  high  and  low  water  mark  are 
claimed  by  the  lord  of  the  manor,  while  everything  under 
the  sea  and  beyond  low  water  mark  is  the  property  of  the 
Crown. 

In  the  majority  of  cases  in  the  British  Isles,  the  proprietor 
of  the  minerals  does  not  work  them  himself,  but  concedes 
the  right  to  another  person  in  return  for  an  annual  rent  and  a 
royalty.  Usually  a  certain  minimum  rent  is  fixed,  which  has 
to  be  paid  even  if  no  mineral  is  being  raised,  but  this  rent 
merges  in  the  royalties ;  that  is  to  say,  the  amount  paid  as 
royalty  is  put  to  the  credit  of  the  rent,  or,  if  sufficient,  covers 
it  entirely. 

The  royalty  may  be  : — 

(a)  A  fixed  sum  per  acre  worked. 
(6)  A  fixed  sum  per  ton  raised. 

(c)  A  fixed  proportion  of  the  value  of  the  mineral  raised. 
{d)  A  varying  proportion  of  the  value  of  the  mineral  sold,  regulated 
by  a  sliding  scale. 
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The  first  principle  is  more  especially  adopted  in  the  case  of 
coal ;  on  the  other  hand,  a  fixed  rate  per  ton  is  common  in  the 
case  of  stratified  ironstone.  In  the  Cleveland  district,  the 
royalty  is  6d.  per  ton  on  an  average,  and  the  leases  extend  for 
42  years. 

Mineral  veins  are  generally  worked  upon  the  third  system ; 
royalties  vary  from  one- tenth  downwards,  though  this  amount  is 
quite  exceptional.  It  is  not  uncommon  for  the  lessee  to  pay 
one-eighteenth  or  one-twenty-fourth  as  royalty,  and  if  a  mine  is 
struggling  against  low  prices  of  metal,  the  ''  lord "  is  often 
induced  to  abate  his  legal  claims  very  considerably,  or  even  to 
agree  to  forego  all  payments  until  trade  revives.  The  royalty 
is  calculated  upon  the  ore  made  ready  for  the  market.  Thus, 
for  instance,  in  one  of  the  reports  of  Dolcoath  mine  in  Cornwall 
we  read : — 

By  tin  ore,  257  tons  19  cwt.  i  qr.  7  lbs.  .      ;f  19,596  13    6 

Deduct  G.  L.  Basset,  Esq.,  dues  x-2oth.  .  979  16    8 

;f  18,616  16  10 

Leases  in  Cornwall  are  usually  granted  for  21  years.  The 
lessor  stipulates  that  a  certain  number  of  men  shall  be  kept 
constantly  at  work.  Ground  for  tipping  rubbish  has  to  be 
paid  for,  and  sometimes  at  extravagant  rates.  When  a  lease 
is  drawing  to  a  close,  a  new  one  is  usually  granted  upon  terms 
at  least  as  favourable  as  those  of  the  old  one ;  but  cases  have 
arisen  in  which  the  "  lord  "  has  required  a  heavy  premium  before 
he  would  grant  a  new  lease. 

The  hematite  of  the  Carboniferous  Limestone  of  Cumberland 
and  North  Lancashire  is  usually  leased  upon  a  sliding  scale, 
which  increases  the  proportion  paid  as  royalty  when  the  price 
of  ore  goes  up.  Thus  if  iron  ore  is  selling  under  9s.  per  ton  the 
lessor  receives  lod.  per  ton  as  royalty,  i,e.  exactly  one-tenth  if 
the  price  is  8s.  4d.  Supposing  the  value  of  the  ore  to  rise  to 
14s.  per  ton,  the  lessee  would  have  to  pay  2s.,  or  one-seventh. 
With  intermediate  prices  the  fraction  might  be  one-eighth  or 
one-ninth.     The  leases  are  for  21  years. 

Many  centuries  ago  the  Crown  claimed  the  right  to  all 
minerals,  and,  in  order  to  promote  mining,  privileges  were 
granted  to  persons  who  would  endeavour  to  discover  and  work 
mines  ;  from  these  privileges  and  from  old  usages  have  resulted 
special  mining  rights  peculiar  to  certain  districts.  Those  per- 
taining to  Derbyshire  have  now  been  definitely  fixed  by  two 
special  Acts  of  Parliament,  the  High  Peak  Mining  Customs 
and  Mineral  Courts  Act,  1851  (14  <fe  15  Vict.  c.  94),  and  the 
Derbyshire  Mining  Customs  and  Mineral  Courts  Act,  1852 
(15  <^  16  Vict.  c.  43).  Again^  there  are  two  special  statutes 
(i  &  2  Vict.  c.  43,  and  24  &  25  Vict.  c.  40)  which  regulate 
the    opening    and   working   of    mines    and    quarries    in  the 
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Forest  of  Dean,  where  the  *'  free  miners  "  have  certain  peculiar 
rights. 

These  Acts  are  merely  of  local  importance,  but  they  are  of 
interest  as  preserving  old  customs. 

2.  Taxation. — Mining  companies  have  to  bear  their  share  of 
Imperial  taxes  and  local  rates.  By ''The  Rating  Act,  1874" 
(37  ^3^  Vict.  c.  54)  tin,  lead,  and  copper  mines  are  assessed  on 
the  amount  of  dues  payable,  and  in  some  districts  a  large  pro- 
portion of  the  rates  may  be  paid  by  the  mines,  an  arrangement 
which  is  not  unfair,  if  they  are  the  cause  of  heavy  burdens  being 
thrown  upon  the  community. 

3.  Working  Regulations. — ^We  come  now  to  the  third  division 
of  this  chapter,  viz.,  the  statutory  regulations  which  are  in  force 
for  the  safe  working  of  mines. 

Special  legislation  for  promoting  the  safety  and  well-being  of 
the  miner  is  a  growth  of  the  last  half-century.  It  is  not  meant 
by  this  that  there  were  absolutely  no  regulations  in  days  gone 
by  ;  there  were  rules  which  had  grown  up  in  some  places,  from 
customs  and  privileges  so  carefully  preserved  that  they  had 
become  laws,  but  these  related  mainly  to  the  acquisition  and 
preservation  of  mining  property,  and  only  incidentally  to  the 
prevention  of  accidents. 

In  order  to  make  the  state  of  the  British  laws  clear,  and 
especially  to  those  who  may  be  accustomed  to  Continental 
regulations,  it  is  necessary  to  point  out  once  more  that 
the  sources  from  which  we  obtain  minerals  are  of  three  kinds  : — 

a.  Open  works,  that  is  to  say  workings  open  to  the  sky. 

b.  Mines,  that  is  to  say  workings  carried  on  underground  by 
artificial  light. 

c.  Boreholes,  or  old  flooded  mines,  from  which  brine  is 
pumped,  and  boreholes  yielding  natural  gas. 

As  was  shown  in  Chapter  I.,  it  is  the  nature  of  the  excavation 
and  not  the  nature  of  the  mineral,  which  settles,  in  Great  Britain, 
whether  a  given  working  is  a  mine  or  not.  Consequently  it 
must  be  understood  that  the  purely  mining  Acts  in  no  way 
affect  open  workings,  save  such  as  may  form  part  and  parcel  of 
a  true  mine. 

The  actual  mining  statutes  now  in  force  are  as  follows,  in 
chronological  order : — 

The  Metalliferous  Mines  Regulation  Acts,  1872  (35  k  36  Vict.  c.  77)  and 

1875  (38  &  39  Vict.  c.  39). 

The  Slate  Mines  (Gunpowder)  Act,  1882  (45  Vict.  c.  3). 

The  Coal  Mines  Regulation  Act,  1887  (50  &  51  Vict.  c.  58). 

The  Metalliferous  Mines  (Isle  of  Man)  Act,  1891  (54  &  55  Vict.  c.  47). 

The  Coal  Mines  (Check  Weigher)  Act,  1894  (57  k  58  Vict.  c.  52). 

The  Coal  Mines  Regulation  Act,  1896  (59  &  60  Vict.  c.  43). 

The  Mines  (Prohibition  of  Child  Labour  Underground)  Act,  1900  (63  & 
64  Vict.  c.  21). 

The  Coal  Mines  Regulation  Act  (1887)  Amendment  Act,  1903  (3  Edw.  7, 
c.  7). 
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The  first  of  these  Acts  was  passed  after  the  report  of  the 
Royal  Gommission  appointed  in  i860  to  inquire  into  the  con- 
dition of  mines  which  were  then  not  under  inspection,  and  it 
was  made  to  embrace  every  mine  to  which  the  sister  Act,  the 
Coal  Minee  Act  of  1872,  did  not  apply.     Therefore  every  mine 
in  the  kingdom  is  under  inspection  :  either  it  is  subject  to  the 
provisions  of  the  Coal  Mines  Act,  1887,  which  has  taken  the 
place  of  the  1872  statute,  or  it  is  under  the  Metalliferous  Act 
of  1872.     The  former  Act  applies  to  mines  of  coal,  stratified 
ironstone,  shale,  and  fire-clay,  and  therefore  the  latter  takes 
oogniiance  of  everything  else.     The  titles  of  the  two  Acts  are 
misleading.     Three  times  as  much  iron  ore  is  obtained  from 
mines  under  the  Coal  Act  as  from  mines  under  the  Metalliferous 
Act,  and  the  largest  mine  under  the  latter  does  not  produce 
metallic  ores.     Soon  after  the  passing  of  the  Metalliferous  Act, 
the  owners  of  an  underground  slate  quarry  in  North  Wales 
refused  to  have  their  workings  treated  as  mines.    They  asserted 
with  some  plausibility  that  the  statute  was  the  "  Metallifewtu 
Mines  Act,**  and  that  their  workings  had  invariably  been  known 
as  '^  quarries  ^  and  never  as  ^  mines."     The  matter  had  to  be 
brought  before  the  Court  of  Queen's  Bench,  and  there  it  was 
speedily  decided    that,  in  spite  of    popular    phraseology,  the 
Festiniog    underground    quarries  were  legally  '*  mines,"  and, 
as  such,  subject  to  inspection,  quite  as  much  as  the  Cornish 
tin  mine,  the  Cumberland  iron  mine,  or  the  Derbyshire  lead 
mine. 

The  salient  points  of  these  two  Acts  of  Parliament  will  now 
be  reviewed,  beginning  with  the  simpler,  and  incidentally  ih» 
slight  modifications  introduced  by  the  other  statutes  mentioned 
in  the  list  will  be  pointed  out. 

The  Metalliferous  Act  is  divided  into  three  parts.  Part  I. 
deals  with  employment  of  women,  girls,  and  boys.  No  females 
can  woiiL  below  ground,  and  the  Act  of  1900  prohibits  the  em- 
ployment of  bo\*s  below  ground  until  they  have  reached  the 
age  of  13.  Boys  under  16  cannot  be  employed  more  than 
54  hours  in  any  one  week,  or  more  than  10  hours  in  any 
one  da  v. 

_  m 

The  person  in  charge  of  machinery  for  raising  and  lowering 
men  mu^i;  be  a  male  dP  at  least  18  years  of  age. 

Wages  must  not  be  paid  in  public-houses. 

An  Annual  Return  has  to  be  sent  every  year  to  the  Inspector 
of  Mines  of  the  district,  specifying  the  number  of  persons  em- 
ployed, and  the  output  of  mineraL  Under  the  1872  Act^  the 
mine^wner  was  not  obliged  to  furnish  this  return  for  any  given 
yesir  until  ist  August  following.  This  delay  in  the  despatch  of 
the  return  was  manifestly  absurd,  for  the  statistics  based  upon 
them  could  not  be  published  until  they  had  lost  much  of  their 
interest ;  the  fault  in  the  1872  Act  was  corrected  by  the  short 
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amending  Act  of  1875,  ^^^^^  changed  the  date  from  the  ist 
August  to  the  ist  February  every  year. 

The  owner  *  or  agent  has  to  send  to  the  Inspector  of  Mines  of 
the  district  notice  of  every  fatal  accident,  of  every  accident  caus- 
ing serious  personal  injury,  and  of  every  accident,  no  matter 
how  trifling,  causing  personal  injury  by  reason  of  any  explosion 
of  gas,  powder,  or  of  any  steam-boiler.  The  word  "  serious  " 
gave  a  little  trouble  at  first.  Some  agents  were  inclined  to  in- 
terpret it  as  meaning  *'  likely  to  prove  fatal,"  and  did  not  report 
broken  arms  and  legs,  because  there  was  every  reason  to  sup- 
pose that  the  man  would  recover.  Nowadays,  when  the  period 
of  disablement  is  likely  to  exceed  a  fortnight,  the  accident  is 
usually  notified. 

Notice  of  opening,  discontinuance,  recommencement,  or  aban- 
donment has  to  be  sent  within  two  months. 

The  section  which  follows  (see  13)  is  one  which  was  very 
much  wanted,  and  is  still  often  called  into  requisition.  It  is  the 
portion  of  the  Act  which  provides  for  the  secure  fencing  of  shafts 
and  of  side  entrances  of  mines  which  are  no  longer  at  work.  In 
working  mineral  veins,  the  '*  old  men  "  sank  their  shafts  as  close 
to  one  another  as  they  still  do  in  mining  ozokerite  at  Boryslaw, 
and  the  surface  of  open  and  uninclosed  land  was  often  riddled 
with  holes  like  a  sieve.  If  the  tops  of  these  shafts  were  in  hard 
rock  or  were  lined  with  stone  they  remained  open,  and  were  a 
source  of  danger  by  day  and  by  night,  for  many  were  close  to 
roads  or  footpaths,  and,  when  partly  or  entirely  concealed  by 
brambles  or  bushes,  they  formed  veritable  man-traps.  In  other 
cases  the  timber  lining  at  the  top  had  decayed  and  the  ground 
had  run  in,  leaving  a  huge  yawning  crater,  10  or  20  yards  across, 
leading  to  a  pit  hundreds  of  feet  deep.  It  is  true  that  a  visible 
danger  of  this  kind  was  known  to  the  inhabitants  of  the  district 
and  could  be  avoided  by  daylight,  but  strangers  were  exposed 
to  a  considerable  amount  of  peril.  In  the  early  seventies  the 
state  of  some  of  the  open  commons  in  Cornwall  and  Flintshire 
was  simply  scandalous ;  and  even  now  there  are  often  good 
grounds  for  complaint  on  the  part  of  the  public,  as  fences  become 
defective  from  having  been  constructed  originally  in  too  flimsy  a 
manner,  or  from  mischievous  pranks  of  passers-by.  Occasionally, 
too,  an  unknown  shaft  comes  to  light  from  the  decay  of  the  plat- 
form of  planks  which  had  been  put  over  it  and  covered  with 
earth  when  the  mine  was  abandoned.  If  treated  in  this  way 
the  top  soon  becomes  grown  over  with  grass,  and  recollection  of 
the  shaft  gradually  fades  away.  These  timber  ''  sollars,"  as  they 
are  called,  should  never  be  put  in  unless  there  is  also  a  secure 
fence.     Many  narrow  escapes  have  occurred  in  Cornwall  from 

*  The  word  "owner"  has  a  special  interpretation  under  the  statate 
and  refers  to  the  lessee  or  company  working  the  mine,  and  not  to  the  pro- 
prietor of  the  soil  or  mineral  rights. 
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tLe  ziTin^  vmT  of  soch  coTerings^  where  the  presence  of  a  shaft 

Atanicried  mines  are  not  only  a  source  of  danger  to  the 
jTecer^i  pu'r:%ic  Ht  creaticg  pitfalls,  hal  they  may  also  threaten 
ibe  v-:ck<er»  in  the  TicinitT  by  holding  aocumulations  of  water 
cr  r&9w  liftXe  \*^  hi  tappetl  unexpectedly  if  the  boundaries  of  the 
•~i  I  workiiiz>  auv  n*  <  known.  To  guard  against  such  possibilities, 
i^'f  ^wn^r.  wL-'k  t>  t>xin'i  to  keep  an  accurate  plan  and  section  of 
Lis  Eiine  d^iii  \L^  pr>2r>?ss  of  the  workings,  is  further  obliged 
t«:  ielirer  up  a  o:>py  when  he  abandons  them ;  these  plans  are 
nl«>i  At  ihe  U*]4ne  Lidice,  and  can  be  consulted  if  necessity  arises. 
Tiey  serre  aI^j  to  ^ow  new-comers>,  who  propose  to  reopen  an 
c  I  i  iziije,  whA*  wirk  h^*  been  done  by  their  predecessors. 

Tr*  next  seoti-.n  of  the  Act  rvlates  to  the  Inspectors  of  Mines, 
wh  .-k  Ar«  a;  p  inte*!  by  the  Secretary  of  State  for  the  Home  De- 
tckTtEimt.  Trie  In>(iector  miiy  not  piacdse  as  a  mining  engineer, 
E^fc'-Jkr^g.  airent«  or  Valuer  of  mines.  In  addition  to  enforcing  the 
p<r^Ti<^i  •:!>  of  the  Act,  the  Inspector  has  the  right  to  complain  of 
xz.y  iLiz^  or  any  prurtiee  in  the  mine  which  is  dangerous,  or  de- 
fectire,  •.y,  in  hi>  opinion,  threatens  or  tends  to  the  bodily  injury 
•:c  the  per<i:-n>  employ e«L  In  onler  to  prerent  an  unreasonable 
In^pecttY  fr-m  pii^hin^  matters  too  far,  the  owner  and  agent  are 
dily  "Saf-eciEri^.  They  can  object  to  the  Inspectors  notice 
a'^ou:  tLrse  all«^<e«i  defects  and  hare  the  matter  referred  to 
ar'"^  iTT^ti  .^n. 

HwL  I:i^pec:or  h&s  to  m;ike  an  Annual  Report,  which  is  laid 
l^f  re  Parliament  and  afterwards  puUished  as  a  Blue-book. 

TrLi>  is  a  cc^iTenient  place  for  explaining  that  the  United 
Kir.^i.ai  is  divii^  for  the  purposes  of  inspection,  into  twelve 
•ii-^iricts.  €ttoh  u:ider  a  Chief  Inspector,  who,  as  a  rule,  has  from 
or.e  TO  three  assi>^nt;s. 

Tne  f-  Mowing  sepuate  puUications  are  issued  annually  by  the 
Home  O^ce : — 

Report  by  ^tiurh  Inspector  for  his  district. 
Oenend    Repeat    and   Statistics,  issued   in  four   parts   as 
folI:«ws : — 
1.  IHstrict  Stiti>tics:    II.  Labour;    III    Output;    IV. 
Colomal  and  Foreign  Statistics. 
U^t  of  all  the  Mines  in  the  United  Kingdom. 
Li<t  of  Reci^ni  Plans  deposited  at  the  Home  Office. 

The  last  section  of  Part  I.  of  the  Act  refers  to  the  duties  of 
the  coroner,  who  cannot  conclude  an  inquest  upon  the  body  of  a 
person  kiue<i  by  a  mine  accident  unless  due  notice  has  been 
given  to  the  Inspector  of  the  district.  As  a  rule  the  Inspector 
attenis  the  inquest^  and  can  be  of  much  assistance  to  the 
ccToner  in  eliciting  evidence,  for  he  will  have  seen  the  place 
where  the  accident  took  place,  and  will  know  how  far  it  was  due 
to  pure  ill-luck  or  to  neglect  of  proper  precautions. 
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Part  II.  of  the  Act  contains  the  General  Rules,  and  sets 
forth  the  mode  of  estahlishing  Special  Rules.  The  General 
Rules  are  a  series  of  nineteen  regulations  which  have  to  he 
observed  in  every  mine. 

Ventilation, — Rule  i  relates  to  ventilation.  It  prescribes  that 
an  adequate  amount  of  ventilation  shall  be  constantly  produced, 
so  that  the  various  parts  of  the  mine  shall  be  in  a  fit  state  for 
working  and  passing  therein.  No  standard  of  ventilation  is 
laid  down,  nothing  is  said  as  to  the  number  of  cubic  feet  per 
minute  that  have  to  be  supplied,  nor  as  to  any  given  percentage 
of  noxious  gas  rendering  the  ventilation  *'  inadequate/' 

In  the  ^^nsvaal  gold-mines  the  old  "Law  No.  12,  1898," 
says — "  Every  mine  must  constantly  be  supplied  with  a  sufficient 
current  of  fresh  air. 

"  For  every  person  working  underground,  not  less  than 
2  cubic  metres  (70^^  cubic  feet)  of  fresh  air  per  minute  must 
be  transmitted,  and  as  much  more  as  the  circumstances  may 
demand  "  (Article  52). 

Ejrplosives  ami  Blasting. — Rule  2  defines  how  explosives  are  to 
be  taken  into  the  mine,  and  lays  down  the  precautions  which 
have  to  be  observed  while  they  are  being  used.  Storage  under- 
ground is  forbidden ;  the  mine  should  have  a  proper  magazine 
above  ground,  from  which  explosives  should  be  dealt  out  daily 
to  the  miners  in  small  lots  as  required.  In  order  to  save  trouble 
in  keeping  the  account  of  the  small  daily  doles,  a  subsidiary 
magazine  is  sometimes  kept  up,  in  which  each  gang  of  men  has 
a  locker.  A  proper  attendant  then  serves  out  explosives  every 
day  from  the  lockers,  without  weighing  the  quantities. 

The  explosives  must  be  taken  into  the  mine  in  a  case  or 
canister  which  must  not  contain  more  than  four  pounds. 

Iron  and  steel  needles  or  prickers  are  prohibited,  but  the 
Secretary  of  State  has  power  to  exempt  mines  from  this  restric- 
tion if  he  thinks  fit.  Exemptions  of  this  kind  have  been  granted 
in  the  case  of  the  salt  mines  of  Cheshire.  Iron  and  steel  tamp- 
ing bars  may  not  be  used  for  ramming  in  the  wadding  or  the 
first  part  of  the  tamping.  It  is  illegal  to  pick  out  or  bore  out 
the  tamping  of  a  charge  of  powder  which  has  missed  fire. 

By  the  Slate  Mines  (Gunpowder)  Act,  1882,  the  Secretary  of 
State  has  power  to  relax  the  restrictions  concerning  explosives. 
This  Act  was  passed  for  the  convenience  of  workers  in  slate 
mines,  who  occasionally  have  to  fire  large  blasts  of  8, 10,  or  12 
pounds  of  powder,  in  order  to  sever  a  large  block  of  slate  which 
has  not  been  completely  released  by  the  original  shot.  The 
powder  is  sometimes  required  on  the  spur  of  the  moment,  as 
water  might  fill  up  the  crack  by  the  time  the  man  had  made  the 
journey  to  and  from  the  surface  for  a  supply.  Many  agents  of 
slate  mines  are  of  opinion  that  it  is  safer  to  carry  powder  into 
the  mine  in  the  2  5 -pound  kegs  coming  direct  from  the  manu- 
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f^rzrer  u^n  in  the  oriinarr  4-poand  canisters.  Where  ex- 
«'Tri-:c.5  h&T«  be«en  granted  under  this  Act,  the  dangers  inci- 
i.-z.t  TO  ?i:.?rir^  these  ketgs  of  powder  and  opening  them  by 
c&=.*£l^li^t  are  re-iucied  as  far  as  possible  by  stringent  special 

/▼.-;  tr*:  P  J*-*  T^f  iJonqp  Riad^. — Rules  3,  4,  and  5  relate  to 
sLrr.ikl-  fc--i  i>e-f^=^e  p-wies  on  inclined  planes  or  horse  roads. 

>•  :~*. — In  R^es  6.  7.  an!  8  are  very  important  r^olations 
o'o^f^^:^^  -s^Lkfiis.  Th^  >i  ie*  hare  to  he  made  secure,  and  the 
V  c  .<  :if  >i^t  an  i  all  entrance*  to  it  hare  to  be  fenced. 

rfi>t^'%:  r*i  Att-^f  -- — ^Tbe  next  seven  roles  relate  to  the 
:t-<-^  z-I  ii.  «>  i^int^  an-i  ascent  therefrom,  whether  by  ladders  or 

I:  \jk  iirr>  ai^  :x<i^  the  lalderwaj  most  be  partitioned  off  from 
tiie  w.z,  iiz^  <*?cEiittraneiit.  The  object  of  sudi  a  partition  is  not 
:-zJx  V  rev  Tent  men  fr^nn  falling  into  the  winding  compartment, 
>•-!  il-i-."*  1*:  Y^yiK<x  thrm  from  stoness,  which  might  drop  from 
ti.r  t»-ck«  cr  skip  dorini:  hoisting  operations.  Vertical  and 
:T^M-'.xin£  iaiitrrs  are  forhiiien,  and  substantial  platforms 
are  reci^rvi  at  intemJs  n«>t  exceeding  20  yards.  The  rule 
A.^"-  T^fc J  s  ir^t  ~  a  lad  ier  shjJl  be  incline«i  at  the  most  couTenient 
ar^.e  wl;:t:  the  si*stce  in  which  the  ladder  is  fixed  admits.^ 
Tl*  w:ci:r^  is  ari  :^-nMiate,  because  it  sometimes  fails  to  secore 
a  i€*7*tt  ii.ilirjtti?n  for  laiiers;  there  is  nothing  to  prerent 
a  r«e-r>:c  frj-s  sdr.'rir.g  t*x>  small  a  shaft,  and  then  alleging  want 
oc  sctkre  as  an  ex.ns^.  when  a  complaint  is  made  to  him  aboat 
th«*  £Te**  s'.rr^-r-nfss^  •>£  his  la  iders.  The  Bel<rian  law  is  worded 
Se  T^er  f  ~r  it  <;ftTs  that  i>^  U  i  ier  &hall  be  inclined  at  an  angle  of 
I-e^  th>vn  ic*  frc-ci  the  rertical- 

Ti*  xiIt  s^r::T.-rT  ecactment  about  man-engines  is  that  they 
shi^l  be  pjLrd"d:€it?d  off  fr.toi  the  win-ling  compartment  of  the 
shjkfT. 

We  n:w  <v2ie  to  as^cent  and  descent  bv  winding  machinery. 
G^iiet>  ani  >iirr>i'.  .JT-.g  apmrttus  are  re^^uired  as  soon  as  a  shaft 
eXvV^s  ^c  T^kris  in  dec^th,  and  a  cover  overhead  is  oblisatonr 
unlets?  an  exeinrti-^n  Las  been  granted  by  the  inspector.  A 
>inir'-=^-inke«i  chain  is  forbiiden:  the  winding  drum  must  be 
;r:vii«^  with  dan^r*  to  prevent  the  rope  from  slipping  off; 
thrr>e  ZL.1ST  be  an  aie^^uate  brake,  and  an  indicator  to  show  the 
tv^iti.-n  X  the  lea  i  in  the  shaft- 

T'-^sw  "/-"<  «- — I*  w;^s  quite  right  on  the  part  of  the  Legisla- 
rjLre  to  m^ke  provi>iv>n  by  Rule  16  for  a  changing  house  or 
-  iry.'  ena'rCing  the  men  to  change  their  clothes  in  comfort,  and 
hive  easv  means  of  •irvic^  their  wet  underground  suits  residv 
f.r  the  next  day ;  but  the  wording  might  have  been  made  a 
lirtle  E^>re  elastic.  As  the  law  stands  a  mine  need  not  have  a 
*•  ir^  ^  if  fewer  than  thirteen  per^ns  are  employed  below 
gnxind  ;  ani  yet  one  meets  with  wet  sinking  shafts  employing 
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only  ten  or  a  dozen  men,  where  some  accommodation  is  desir- 
able, and  with  large  mines  which  are  so  dry  that  a  changing 
house,  as  generally  understood,  is  superfluous. 

Fencing  Machinery, — Rule  17  prescribes  that  all  dangerous 
machinery  must  be  fenced. 

Steam  Boilers. — ^The  only  statutory  regulations  concerning 
steam  boilers  are  found  in  Rule  1 8,  which  says  that  every  such 
boiler  must  be  provided  with  three  fittings,  viz.,  a  steam  gauge, 
a  water  gauge,  and  a  safety  valve. 

Wilful  Damage. — The  last  Rule,  No.  19,  forbids  the  wilful 
damage  of,  or  removal  of,  fences  or  appliances  provided  for  the 
safety  of  the  men. 

In  order  to  make  the  owner  and  agent  responsible  for  the 
proper  carrying  out  of  these  essential  regulations,  this  section  of 
the  Act  concludes  with  a  very  strict  clause.  As  a  rule,  in  Great 
Britain,  a  man  is  assumed  to  be  innocent  until  he  is  proved 
guilty.  In  mining  it  is  different ;  if  a  contravention  of  the  Act 
by  any  person  whomsoever,  for  instance,  a  workman,  is  proved, 
the  owner  and  the  agent  are  each  made  guilty  of  an  offence,  and 
are  liable  to  punishment,  unless  they  can  prove  that  they  had 
taken  all  reasonable  means  to  prevent  the  contravention  by 
publishing  and,  to  the  best  of  their  power,  enforcing  the  rules. 
The  Legislature  has  therefore  taken  strong  means  in  order  to 
render  the  miner's  calling  safe.  On  the  other  hand,  the  owner 
and  agent  are  thoroughly  safeguarded  by  a  clause,  which  governs 
the  whole  of  the  section,  and  says  that  the  rules  are  to  be 
observed  *'  so  far  as  may  be  reasonably  practicable." 

Special  Rules  may  be  regarded  as  bye-laws  framed  to  suit 
the  conditions  of  any  particular  district  or  mineral  deposit; 
when  once  established  with  the  formalities  prescribed  by  law, 
they  have  all  the  power  of  the  statute  itself.  They  are  a  very 
useful  institution,  and  as  there  are  simple  means  of  modifying 
them,  changes  can  be  introduced  from  time  to  time^  without 
having  to  set  in  motion  the  ponderous  machinery  required  to 
alter  an  Act  of  Parliament.  At  mines  under  the  Metalliferous 
Act,  special  rules  are  not  compulsory  as  they  are  under  the  Coal 
Mines  Act ;  but  the  Secretary  of  State  can  propose  any  rules  he 
thinks  fit  to  the  owner  of  the  mine,  who  may  object  and  have 
the  matter  decided  by  arbitration. 

An  abstract  of  the  Act,  and  a  copy  of  the  Special  Rules  (if 
any)  have  to  be  posted  up  in  a  conspicuous  place  at  the  mine, 
where  they  can  be  conveniently  read  by  the  workpeople.  The 
name  and  address  of  the  Inspector  of  the  district  have  to  be 
appended,  so  that  every  one  may  know  to  whom  to  apply  in 
case  of  need. 

Part  III.  deals  with  penalties  for  offences  and  the  technicalities 
relating  to  legal  proceedings.  The  penalties  to  which  a  person 
is  liable  for  a  breach  of  the  Act  are  a  maximum  of  jQio  if  he  is 
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an  owner  or  agent,  and  a  maximum  of  j£2  if  he  is  any  other 
person ;  the  fine  may  be  increased  by  ^i  a  day  so  long  as  the 
offence  continues,  if  the  offender  has  received  notice  in  writing 
from  the  Inspector.  For  ¥dlful  neglect,  endangering  life  and 
limb,  a  person  may  be  sentenced  to  imprisonment,  with  or 
without  hard  labour,  for  a  period  not  exceeding  three  months. 

The  owner  and  agent  cannot  be  prosecuted  except  by  an 
Inspector,  or  with  the  consent  in  writing  of  the  Secretary  of 
State.  The  workman  can  be  prosecuted  by  his  master;  and 
proceedings  against  the  men  become  necessary  when  the  master 
finds  that  mere  words  fail  to  secure  strict  obedience  to  regula- 
tions, which  is  imperative  in  a  dangerous  occupation  like  mining. 

Strange  to  say,  the  clause  which  prevents  interested  magis- 
trates from  sitting  in  cases  under  the  Goal  Mines  Act  is  omitted 
altogether  in  the  Metalliferous  Act. 

Where  a  penalty  amounts  to  or  exceeds  half  the  maximum « 
the  person  convicted  may  appeal  to  a  higher  court. 

The  last  Metalliferous  Mines  Act,  that  of  1891,  was  passed  in 
order  to  correct  a  curious  omission  in  the  old  statute  of  1872, 
which  failed  to  define  the  Court  of  Summary  Jurisdiction  in 
the  Isle  of  Man  before  which  proceedings  could  be  taken. 

Having  thus  briefly  explained  the  statute  by  which  the 
working  of  many  ore  and  stone  mines  is  regulated,  we  must 
now  pass  on  to  the  Coal  Mines  Regulation  Act,  1887,  and 
supplementary  Acts  of  1894,  1896,  and  1903,  which  govern 
mines  of  stratified  ironstone,  shale,  and  fireclay,  as  well  as 
collieries.  Compared  with  coal,  it  is  true  that  these  minerals  are 
of  minor  importance ;  but  as  their  total  output  amounts  to  more 
than  12,000,000  tons  annually,  of  which  more  than  7,000,000 
are  ironstone,  it  is  evident  that  the  ore  miner  should  be 
acquainted  with  the  requirements  of  this  statute. 

The  principal  Act  presents  many  points  of  resemblance  with 
the  Metalliferous  Mines  Regulation  Act,  but  it  is  far  more 
elaborate  in  its  details;  to  save  repetition,  it  will  be  best  to 
dwell  more  especially  upon  the  points  in  which  it  differs  from 
the  Act  which  we  have  just  been  discussing. 

In  Part  I.  the  principal  new  features  are: — 

Hours  of  Labour. — Regulation  of  the  hours  of  labour  of  boys 
and  females  employed  above  ground. 

Check  Weigher, — If  the  majority  of  the  men  wish  it,  they 
may  appoint  a  check  weigher  to  see  that  the  weighing  is  done 
correctly,  and  that  deductions  are  made  fairly. 

Pivhibih'on  of  Single  Shafts, — ^The  object  is  to  provide  two 
means  of  egress  in  case  of  accident;  certain  mines  may  be 
exempted  from  this  provision. 

Division  of  Mine  into  Parts, — In  certain  circumstances  each 
part  must  be  treated  as  a  separate  mine. 

Certificated  Mcmagers, — This  is  one  striking  difference  between 
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the  Metalliferous  Act  and  the  Coal  Act.  Under  the  former  a 
person  without  any  pretensions  to  professional  qualifications 
may  be  placed  in  charge  of  a  mine ;  under  the  latter  every  mine 
employing  more  than  thirty  persons  below  ground  must  have  a 
certificated  manager.  In  order  to  obtain  a  certificate  the  can- 
didate must  have  had  practical  experience  in  a  mine  for  at  least 
five  years,  and  must  then  pass  an  examination.  For  the  purpose 
of  granting  certificates,  boards  for  examination  have  been  ap- 
pointed in  the  different  districts  into  which  the  kingdom  is 
divided  for  inspectional  purposes.  Under  the  Act  of  1903  the 
mining  diploma  of  a  university  or  mining  school,  approved  by 
the  Secretary  of  State,  may  be  reckoned  as  the  equivalent  of 
two  years'  experience  in  a  mine. 

It  is  interesting  to  note  that  '*  Law  No.  12,  1898,"  of  the  old 
"  South  African  Kepublic  "  provides  that — 

Every  mine  employing  more  than  30  persons  must  be  under 
the  control  and  responsibility  of  a  Chief  Superintendent  (Article 
167),  who  has  to  hold  a  '' certificate  of  proficiency"  given  by 
the  State  Mining  Engineer  upon  the  recommendation  of  a 
Board  of  Examinei'S.  Candidates  for  examination  must  be  at 
least  23  years  of  age,  and  must  have  had  "  practical  experience 
in  mines  for  at  least  five  years.  Persons,  however,  who  can 
show,  to  the  satisfaction  of  the  Examiners,  that  they  have  com- 
pleted with  success  the  course  of  a  recognised  school  or  academy 
of  mines,  are  exempted  from  two  years  out  of  the  five  years 
above  referred  to." 

What  appears  to  correspond  to  the  Second  Class  Certificate 
under  the  Coal  Mines  Act  in  Great  Britain  is  the  "  Mine  Super- 
intendent's Certificate  "  (Article  1 83).  This  certificate  is  likewise 
obtained  by  examination  after  the  candidate  has  shown  that  he 
"  has  had  at  least  four  years'  practical  experience  in  mining 
work,  and  that  he,  during  at  least  one  year,  has  had  the  chief 
or  under  supervision  of  the  underground  works  of  a  mine." 

"  Persons  who,  however,  can  prove  to  the  satisfaction  of  the 
Examiners  that  they  have  successfully  attended  a  course  of  in- 
struction in  an  acknowledged  school  or  academy  of  mines,  are 
exempted  from  two  of  the  above-mentioned  four  years. 

**  He  shall  pass  a  verbal  examination  regarding  ventilation, 
timbering,  and  the  working  of  mines  generally,  and  must  furnish 
proof  of  his  experience,  ability,  sobriety,  and  good  conduct  in 
general. 

'^  The  Examiners  may  grant  exemption  from  the  one  year's 
supervision  over  mine  works  when  the  applicant  has  proved  to 
their  satisfaction  that  he  is  quite  able  to  carry  out  the  duty  of  a 
Superintendent  of  Mines"  (Article  184V 

Returns, — ^The  Annual  Return  which  nas  to  be  furnished  under 
the  Coal  Mines  Act  not  only  gives  the  output  of  the  mine  and 
the  number  of  persons  employed^  but  also  supplies  details  con- 
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ceming  the  mode  of  ventilation;  the  part  relating  to  the 
quantity  of  mineral  wrought  cannot  he  puhlished,  save  by 
consent  of  the  person  making  it,  or  of  the  owner  of  the  mine. 
This  restriction  prevents  the  publication  of  such  details  as 
appear  in  the  *^  Mineral  Statistics  "  in  the  case  of  mines  under 
the  Metalliferous  Act. 

Inquests, — ^At  coroners'  inquests,  a  relative  of  the  person  killed, 
the  owner,  agent,  or  manager  of  the  mine  in  which  the  accident 
happened,  and  any  person  appointed  by  the  order  in  writing  of 
the  majority  of  the  workmen  employed  in  the  mine  may  attend 
and  examine  witnesses.  No  such  power  is  conceded  under  the 
Metalliferous  Act. 

Fart  II.,  as  in  the  other  Act,  contains  the  General  Rules,  and 
regulates  the  establishment  of  Special  Rules,  which  are  compul- 
sory instead  of  being  voluntary. 

The  General  Rules  are  38  in  number,  or  twice  as  numerous 
as  those  in  the  sister  Act.  They  may  he  passed  in  review  very 
briefly  as  follows : — 

Ventilation  (i,  2,  3). — Amount  of  ventilation  to  be  adequate; 
quantity  of  air  to  he  measured  monthly  ;  special  airway  to  carry 
the  return  current  clear  of  the  ventilating  furnace ;  ventilating 
machines  to  be  placed  where  they  will  not  be  injured  by 
explosions. 

Inspection  by  OffiHcds  (4,  5). — ^The  working  place  has  to  be 
inspected  before  men  begin  their  work,  and  during  the  progress 
of  their 'Work.  Machinery  must  be  inspected  daily  and  shafts 
weekly. 

Fencing  (6). — Dangerous  places  must  be  fenced  off. 

WitTidrawal  of  Men  (7). — Men  must  be  withdrawn  from 
dangerous  places. 

Safety  Lamps  (8,  9,  10,  11). — Use,  construction,  and  examina- 
tion of  safety  lamps.     Situation  of  lamp  stations. 

Ejrplosives  (12). — Prohibition  of  iron  and  steel  tools  for  charg- 
ing holes,  and  special  precautions  for  blasting  in  mines  where 
fire-damp  has  been  noticed,  or  which  are  dry  and  dusty. 

Advance  BoreJioles  (13). — These  are  made  compulsory  when 
approaching  water. 

Signalling  and  Manholes  for  Travelling  Roads  (14,  15,  16). — 
Yery  like  the  rules  in  the  Metalliferous  Act. 

Difuensions  of  Travelling  Roads  (17). — Here  we  find  that  the 
comfort  of  animals  is  not  forgotten,  for  roads  must  be  big 
enough  to  allow  the  horses  or  ponies  to  pass  along  without 
rubbing. 

Fencing  of  Shafts  (18,  19). — ^Very  like  the  rules  in  the  Metal- 
liferous Act. 

Securing  of  Shafts  (20). — Identical  with  the  rule  in  the  Metal- 
liferous Act. 

Securing  of  Travelling  Roads  (21). — This   very   useful  rule. 
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though  contained  in  the  Coal  Mines  Act  of  1872,  was  not  incor- 
porated with  the  Metalliferous  Act. 

Timber  (22). — Props  have  to  be  provided  at  a  convenient 
place  in  the  mine. 

Descent  and  Ascent  (23  to  30). — In  addition  to  the  regulations 
found  in  the  Metalliferous  Act,  there  is  a  rule  preventing  a 
speed  of  more  than  three  miles  an  hour  after  the  cage  has 
reached  a  certain  point  in  the  shaft,  when  the  winding  appar- 
atus is  not  provided  with  some  automatic  contrivance  for 
preventing  overwinding.  Men  may  use  the  downcast  shaft  for 
descent  and  ascent  if  they  wish  to  do  so.  No  mention  is  made 
of  ladders  or  man-engines,  which  are  not  in  use  at  mines  under 
the  Coal  Mines  Act. 

Fencing  Machinery  (31). — Identical  with  the  rule  in  the 
Metalliferous  Act. 

Fittings  for  Steam  Boilers  (32). — Very  like  the  rule  in  the 
Metalliferous  Act. 

Barometer  and  Thermometer  (33). — ^These  have  to  be  placed  in 
a  conspicuous  position  at  the  mine. 

Ambulances  (34)- — As  suffering  may  be  mitigated  or  life 
saved  by  having  proper  appliances  at  hand  for  relieving  and 
moving  injured  men,  the  statute  requires  that  stretchers,  splints, 
and  bandages  shall  be  kept  ready  for  immediate  use. 

Wilful  Bamnge  to  Fences,  or  Applutnces  for  Safety  (35). — Very 
like  the  rule  in  the  Metalliferous  Act. 

Observance  of  Directions  (36). — Men  are  bound  to  obey  direc- 
tions with  respect  to  working,  given  with  a  view  to  complying 
with  the  Act  or  Special  Rules. 

Books  recording  Results  of  Inspections  (37). — These  have  to  be 
kept  at  the  office  of  the  mine. 

Periodical  Inspection  on  behalf  of  Workmen  (38). — The  men 
may  appoint  two  practical  working  miners  to  inspect  the  mine, 
at  their  own  cost,  once  a  month.  The  result  of  the  inspection 
has  to  be  recorded  in  a  book,  and  if  the  report  states  the  exist- 
ence or  apprehended  existence  of  any  danger,  the  Inspector  has 
to  be  informed  of  it. 

Experienced  Workmen  (39). — Men  are  not  allowed  to  work 
alone  in  getting  coal  or  ironstone  at  the  face  of  the  workings 
unless  they  have  had  two  years'  experience  in  or  about  the  face 
of  the  workings  of  a  mine. 

Part  III.  relates  mainly  to  legal  proceedings,  and  the  only 
special  point  to  which  attention  need  be  called  is  the  section 
which  prohibits  both  persons  interested  in  mines,  and  their 
near  relations,  from  sitting  on  the  Bench  and  adjudicating  upon 
breaches  of  the  Act. 

The  Coal  Mines  {Check  Weigher)  Act  of  1894  makes  it  penal 
to  interfere  improperly  with  the  appointment  of  check  weighers, 
and  the  amending  Act  of  1896  makes  further  regulations  con- 
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ceming  mine  plans  and  safety  lamps,  and  gives  the  Secretary  of 
State  powers  to  forbid  the  use  of  explosives  that  he  may  con- 
sider unsafe.  A  testing  station  has  been  erected  by  the  Home 
Department,  and  lists  of  explosives  which  have  satisfied  the 
authorities  are  issued  from  time  to  time. 

The  Mines  {Prohibition  of  Child  Labour  Underground)  Act  of 
1900  forbids  the  employment  below  ground  of  boys  under 
thirteen  years  of  age,  and  applies  to  all  classes  of  mines. 

The  Coal  Mines  Regulation  Act  (1887)  Amendment  Act  of  1903 
allows  the  mining  diploma  of  a  School  of  Mines  or  XJniversitj 
approved  by  the  Secretary  of  State  to  be  reckoned  as  the 
equivalent  of  two  years'  experience  in  a  mine.  Thus,  a  graduate 
can  obtain  a  manager's  certificate  after  having  had  practical 
experience  in  a  mine  for  three  years. 

4.  Sundry  Special  Statutes. — It  might  be  thought  that 
statutes  framed  for  regulating  mines  would  contain  all  that  the 
law  requires  for  their  safe  and  proper  working;  but  such  is 
not  the  case  in  Great  Britain.  Miners  and  workers  of  open 
pits  are  often  affected  by  one  or  more  of  the  following  Acts 
of  Parliament,  which  are  arranged  in  alphabetical  order : — 

Alkali,  Ac,  Works  Regulation  Acts,  1881  and  1892  (44  &  45  Vict,  c  37, 

and  55  k  56  Vict.  c.  30).  | 

Boiler  Explosions  Acts,   1882  and  1890  (45  k  46  Vict.  c.  22,  and  53 

&  54  Vict.  0.  35). 
Brine  Pumping  (Compensation  for  Subsidence)  Act,   1891  (54   k  55 

Vict.  c.  40). 
Employers'  Liability  Act,  1880  (43  k  44  Vict.  c.  42). 
Employment  of  Children  Act,  1903  (3  Edw.  7  c.  45). 
Explosives  Act,  1875  (38  Vict  c.  17). 
Factory  and  Workshop  Act,  1901  [i  Edw.  7.  c.  22]. 
Qaarry  Fencing  Act,  1887  (50  &  51  Vict.  c.  19). 
Quarries  Act,  1894  (57  &  58  Vict.  c.  42). 
Rivers  Pollution  Prevention  Act,  1876  (39  k  40  Vict.  c.  75). 
Slate  Mines  (Gunpowder)  Act,  1882  (45  k  46  Vict.). 
Stannaries  Act,  1887  (50  k  51   Vict.  c.  43),  and  Stanoaries  Court 

(Abolition)  Act,  1896  (59  k  60  Vict.  c.  45). 
Truck  Acts,  1831,  1887,  and  1896  (i  &  2  William  IV.  c.  37,  and  50 

&  51  Vict.  c.  46  ;  and  59  A  60  Vict.  c.  44). 
Workmen's  Compensation  Act,  1897  (60  k  61  Vict.  c.  37). 

The  Alkali  Acts  were  passed  with  a  view  to  prevent  noxious 
and  offensive  gases  produced  in  manufacturing  processes  from 
being  discharged  into  the  atmosphere,  or  at  all  events  to  reduce 
their  escape  to  a  minimum.  The  Acts  apply  to  a  few  mineral 
workings,  viz. : — 

(i)  Salt  works  in  which  brine  is  being  evaporated  for  the  manufacture 
of  salt. 

(2)  Cement  works  in  which  clays  and  chalk  are  made  into  cement. 

(3)  Tin  and  copper  mines  where  ores  containing  arsenic  are  being 

roasted. 


LEGISLATION.  699 

(4)  Collieries  where  tar  and  ammoDiacal  liquor,  obtained  from  the 
waste  gases  and  coke  ovens,  are  being  treated  ;  the  former  is 
distilled  for  the  production  of  paraffin  and  burning  oils,  the 
latter  is  made  into  sulphate  of  ammonia. 

The  Acts  are  administered  by  Inspectors  under  the  Local 
Government  Board. 

The  Boiler  Explosions  Acts  compel  the  owner  of  a  mine  to  re- 
port to  the  Board  of  Trade  any  explosion  of  a  steam  boiler,  which 
may  happen  at  his  works  whether  above  or  below  ground.  The 
Board  of  Trade  o£Scials  can  then  make  a  preliminary  investiga- 
tion into  the  cause  of  the  explosion,  and  afterwards  hold  a 
formal  inquiry  if  they  think  fit.  The  Court  holding  this  formal 
inquiry  is  usually  composed  of  two  Commissioners  specially 
appointed  by  the  Board  of  Trade,  who  are  endowed  by  the 
Acts  with  ample  power  for  punishing  the  owners  and  agents 
of  mines  if  an  explosion  has  in  any  way  been  caused  by  their 
neglect.  The  Commissioners  cannot  inflict  a  <*flne ''  in  a  crim- 
inal sense,  such  as  is  imposed  by  a  Court  of  Summary  Jurisdic- 
tion at  proceedings  taken  under  the  Mines  Regulation  Acts ; 
but,  where  neglect  has  been  proved,  the  responsible  persons 
have  been  ordered  to  pay  as  much  as  ^100  or  ^^120  to  the 
solicitor  of  the  Board  of  Trade  "  towards  the  cost  and  expenses 
of  the  investigation,"  which  practically  comes  to  the  same  thing. 
Under  the  Mines  Regulation  Acts  the  mine  owner  can  appeal 
to  a  superior  court  and  have  the  matter  reheard ;  but  the 
decision  of  the  Commissioners  under  the  Boiler  Explosions  Act 
is  final  and  not  subject  to  review. 

The  Brine  Pumping  Act  provides  compensation  for  owners  of 
property  who  suffer  through  the  subsidence  of  the  ground 
caused  by  the  pumping  of  brine.  The  working  of  the  Act  is 
controlled  by  the  Local  Government  Board. 

The  Employers^  Ldahility  Act  extends  and  regulates  the 
liability  of  employers  to  make  compensation  for  personal  injuries 
suffered  by  workmen  in  their  service.  Until  this  Act  was 
passed  a  workman  could  not  claim  compensation  for  injuries 
due  to  the  neglect  of  a  fellow-servant.  The  statute  of  r88o  has 
broken  down  this  doctrine  of  *'  common  employment "  to  a 
certain  extent,  and  has  made  the  master  liable  if  the  injury 
was  caused  by  the  negligence  of  a  foreman  or  person  entrusted 
with  superintendence ;  but  it  does  not  make  the  master  liable 
for  the  negligence  of  all  the  fellow-servants. 

The  Employment  of  Children  Act  prohibits  the  employment  of 
children  under  fourteen  years  of  age  between  the  hours  of 
9  P.M.  and  6  a.m.,  and  in  any  occupation  likely  to  be  injurious, 
regard  being  had  to  their  physical  condition. 

The  Explosives  Act  regulates  the  manner  in  which  licences  for 
storing  explosives  are  obtained,  the  construction  and  mainten- 
ance of  the  magazines  at  mines,  the  subdivision  of  the  trade 
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packages,  and  the  delivery  to  the  men.  The  Act  is  enforced  bj 
Inspectors  under  the  Home  Department,  and  also  by  the  police 
on  behalf  of  the  Local  Authorities. 

The  Factory  and  Workshop  Act,  which  is  enforced  by  Inspec- 
tors serving  under  the  Home  Department,  applies  to  quarries, 
and  to  surface  works  at  mines  under  the  Metalliferous  Act,  such 
as  the  dressing-sheds.  It  contains  provisions  for  promoting 
the  health  and  safety  of  the  workpeople,  and  regulates  the 
hours  of  employment  of  women,  young  persons,  and  children. 

The  Quarry  {Fencing)  Act  was  passed  in  order  to  protect  the 
public  from  accidentally  falling  into  quarries  near  thoroughfares. 
Its  object  is  evident  from  its  title,  and  it  is  the  business  of 
the  Local  Authorities  to  see  it  enforced. 

The  Quarries  Act  of  1894  extends  certain  provisions  of  the 
Metalliferous  Mines  Acts  to  every  place  (not  being  a  mine)  in 
which  persons  work  in  getting  minerals,  and  any  part  of 
which  is  more  than  20  feet  deep.  Quarries  to  which  the 
Quarries  Act  applies  are  under  the  supervision  of  the  Inspectors 
of  Mines. 

By  section  5  of  the  Rivers  PolliUion  Prevention  Act^  the  mine 
owner  is  prohibited  from  discharging  into  streams  any  solid 
matter  in  such  quantity  as  to  prejudicially  interfere  with  its 
flow,  or  any  poisonous,  noxious,  or  polltituig  solid  or  liquid 
matter,  unless  he  proves  that  he  is  using  the  best  practicable 
and  reasonably  available  means  to  render  such  matter  harmless. 
The  administration  of  this  law  rests  with  the  Sanitary  Authority 
of  the  district^  and  in  this,  as  in  other  matters,  the  work  of  the 
Sanitary  Authorities  is  supervised  by  Inspectors  acting  under 
the  Local  Government  Board. 

The  large  amount  of  refuse  which  is  produced  in  extracting 
some  minerals  from  their  ores,  makes  the  task  of  getting  rid  of 
it,  without  polluting  the  rivers,  far  from  easy ;  and  the  miner 
often  incurs   the  wrath  of  the   fisherman,  who   stirs  up   the 
Sanitary  Authorities  or  River  Conservancy  Boards  into  action. 
Coarse  waste,  such  as  comes  from  jigging  the  larger  sizes  of 
the  crushed  rock,   can  always  be  made  into  heaps  upon  the 
land ;   but  the  fine  slimes,  whether  coming  from  stamping  or 
other  dressing  processes,  are  carried  away  in  suspension,  and 
turn  a  bright  trout  stream  into  a  muddy  drain,  or  are  spread 
over  the  meadows  in  flood  time,  to  the  annoyance  of  the  fanner. 
These  evils  may  be  greatly  lessened  by  providing  large  pits  into 
which  the  water  from  the  mine   is  allowed  to  setfie,  and    so 
deposit  much  of  the  solid  matter  which  it  contains  in  suspension. 
Effective  filtering  pools  have  been  made  in  Germany  from  the 
coarse  refuse  {skimpings)  from  the  jigs.     It  is  tipped  so  as  to 
form  high  banks  enclosing  a  rectangular  area,  into  which  the 
muddy  water  from  the  ''floors"  is  led,  and  allowed  to  form  a 
large  pool.     Some  of  the  solid  matter  settles  down  on  the  bed 
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of  the  pool,  as  it  would  do  in  any  ordinary  pond,  and  the  rest  is 
deposited  in  the  bank  itself,  as  it  permeates  through  the  tortuous 
passages  left  between  the  little  fragments  of  stone.  In  time, 
the  inner  sides  of  the  banks  become  somewhat  choked  with 
slime  and  the  percolation  no  longer  proceeds  so  rapidly ;  this 
state  of  things  is  remedied  by  letting  out  the  water  during  a 
holiday,  and  scraping  down  the  sides,  so  as  to  expose  a  fresh 
unchoked  surface  to  the  slimy  water.  Old  heaps  of  mine  refuse 
can  be  utilised  in  a  similar  manner ;  the  stream  of  dirty  water 
led  into  the  top  will  escape  fairly  clear  at  the  bottom.  As  soon 
as  one  part  of  the  heap  becomes  choked  with  slime,  the  out-fall 
of  the  '*  floors  "  must  be  shifted  to  another  part  of  the  bank. 

The  Stannaries  Act  (1887),  was  passed  to  remedy  certain  evils 
of  which  miners  and  shareholders  complained  at  mines  in 
Cornwall  and  Devon.  The  Act  extends  only  to  metalliferous 
mines  and  tin-streaming  works — t,e.  works  where  tin  ore  is 
extracted  from  the  dirty  water  flowing  away  from  mines,  within 
the  Stannaries.  The  miner  now  has  first  charge  upon  the 
property  of  a  mining  company,  and  is  less  likely  to  lose  his 
earnings  when  a  mine  is  stopped  for  want  of  funds  than  he 
was  some  years  ago.  Surface  hands  have  to  be  paid  once  a  fort- 
night ;  miners  employed  by  contract  below  ground  are  entitled 
to  claim  '* subsist"  once  a  fortnight — that  is  to  say,  a  payment 
on  account  equal  to  the  estimated  amount  of  their  earnings. 
Money  deducted  for  sick  and  accident  funds  has  to  be  accounted 
for,  and  a  copy  of  the  balance-sheet  must  be  posted  up  in  the 
"  dry "  or  changing  house.  The  miners  have  the  power  to 
appoint  a  check-weigher.  Meetings  of  the  shareholders  of 
every  "  cost-book  '*  mine  must  be  held  at  least  once  in  every 
sixteen  weeks.  Tools  and  materials  supplied  to  the  miners 
have  to  be  charged  as  nearly  as  possible  at  the  market  prices. 
Other  regulations  relate  to  the  settlement  of  disputes,  mortgages, 
relinquishment  of  shares,  and  registration  of  companies.  A 
copy  of  the  Act  has  to  be  kept  posted  up  in  the  smith's  shop 
and  in  the  changing  house  of  every  mine. 

The  object  of  the  Truck  Acts  is  to  prevent  the  mine  owner 
from  making  a  profit  out  of  the  tools  and  materials  which  he 
supplies  to  his  men;  but  he  has  a  right  to  make  deductions 
from  the  men's  wages  for  medicine,  medical  attendance,  materials 
and  tools,  and  to  impose  fair  and  reasonable  fines,  provided  that 
they  agree  in  writing  to  this  system,  or  that  the  terms  are  con- 
tained in  a  notice  posted  up  where  it  can  be  easily  read  by  the 
workmen.  As  a  rule  the  men  would  sooner  obtain  the  neces- 
saries for  their  work  in  this  way  than  purchase  them  at  the 
shops  in  the  district. 

The  Workmen's  Compensation  Act  may  be  regarded  as  a  great 
insurance  scheme,  which  provides  the  workman  or  his  dependents 
with  compensation  for  personal  injury  by  accident  arising  out 
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of  or  in  the  course  of  his  employment,  regardless  of  the  cause  of 
sach  injury.  The  compensation  has  to  be  paid  by  the  employer, 
and  is  disallowetl  only  when  it  is  proved  that  the  injury  Ls 
attributable  to  the  serious  and  wilful  misconduct  of  the  workman 
himself. 

From  the  foregoing  pages  it  is  very  evident  that  the 
manager  of  a  mine  in  Great  Britain  may  have  to  make  himself 
well  ac«]uainted  with  a  considerable  number  of  legal  enactments, 
mostly  of  recent  date,  if  he  desires,  as  he  should  do,  to  carry  on 
his  work  in  strict  accordance  with  the  law. 

Ameiican  Mining'  laaw. — In  the  United  States  mining  law 
is  by  no  means  uniform.  Original  States  of  the  union  possessed 
at  their  inception  the  English  common  law  and  so  much  of  the 
statute  law  as  had  been  found  suitable  to  their  requirements, 
and  the  national  government,  of  course,  acquired  no  proprietary 
rights.  Mining  rights  in  other  States  were  sold,  and  in  others, 
again,  exempted  by  special  provision.  Thus  the  area  covered 
by  the  general  boily  of  mining  law  roughly  comprises  the  States 
and  territories  lying  wholly  or  in  part  west  of  the  looth 
meridian.  The  mining  law  consists,  in  order  of  precedence,  of 
act«  of  Congress,  acts  of  States  and  Territories,  and  local  and 
customary  law.  Where  any  question  arises  the  principle  of 
which  is  not  included  in  the  scope  of  these  authorities,  reference 
is  made  to  the  principles  of  common  law.  As  a  considerable 
numlier  of  the  western  and  middle  States  were  originally 
Sfvauish  and  French  colonies,  the  local  rules  and  customs  have 
Wen  consiilenibly  influenced  by  the  mining  codes  of  these 
countriesw  The  questions  which  metal  miners  have  to  face 
greatly  resemble  each  other  in  whatever  part  of  the  world  they 
occur,  and,  in  the  definitions  of  mining  terminology  especially, 
the  American  reports  are  authorities  among  all  English-speaking 
commiuiities.  The  law  of  the  apex  or  the  extra-lateral  right 
has  not  been  followed  elsewhere  save  in  Rhodesia,  where  the 
absence  of  the  prospector  and  mining  camps  has  afforded  it 
little  scope  for  mischief.  This  distinguishing  characteristic  of 
the  American  system,  the  inconvenience  of  which  is  universally 
recognised,  is  the  division  of  metalliferous  deposits  into  veins 
and  placet's  only.  The  difference  in  the  grants  is  that  the  mining 
of  placers  is  confined  to  vertical  planes  through  the  boundaries 
of  the  gi-ound,  whilst  veins  may  be  followed  along  their  dip 
throughout  the  entire  depth  even  if  they  so  far  depart  from  the 
perpendicular  as  to  extend  outside  of  tiie  vertical  side  lines  of 
the  claim.  Extra -lateral  rights  are  thus  granted,  but  the  end- 
lines  are  well  defined. 

The  mining  laws  of  other  countries  and  the  powers,  rights, 
and  liabilities  of  mining  companies  are  fully  dealt  with  in  the 
special  treatises  mentioned  on  the  next  page. 
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CHAPTER   XV. 

CONDITION  OF  THE  MINER. 

It  is  perfectly  impossible  to  do  justice  to  the  importance  of  this 
subject  in  the  few  pages  that  can  be  devoted  to  it  in  a  general 
treatise ;  but  the  following  remarks  will  serve  to  call  attention 
to  matters  with  which  the  miner  may  have  to  deal  in  the  active 
duties  of  his  profession,  as  an  employer  of  labour  himself,  or  as 
the  agent  of  a  mining  company. 

The  subject  is  of  undoubted  importance  in  view  of  the  fact 
that  labour  is  the  dominant  factor  in  the  cost-sheets  of  mining 
undertakings.  In  the  mines  of  the  Witwatersrand,  for  example, 
labour  represents  6o'07  per  cent,  of  the  total  cost,  while 
explosives  represent  11*85  P^^  cent.,  and  coal  8*20  per  cent. 
From  philanthropic  motives  the  employer  will  wish  to  keep  his 
workpeople  healthy  and  contented,  and  as  a  matter  of  commercial 
expediency  it  will  pay  him  to  do  so,  for  if  the  occupation  is 
found  to  bring  disease  and  to  shorten  life,  the  rate  of  wages  will 
have  to  rise.  Moreover,  workable  mineral  deposits  are  fre- 
quently found  in  thinly  populated  districts,  and  the  mining 
engineer  has  to  face  the  task  of  collecting  workmen,  housing 
them,  and  looking  after  them  generally. 

The  subject  will  be  dealt  with  under  the  following  heads  : — 

1.  Glothtng. 

2.  Housing. 

3.  Education. 

4.  Sickness. 

5.  Thrift. 

6.  Recreation. 

I.  OIiOTHING. — At  the  surface  we  clothe  ourselves  in  order 
to  keep  our  bodies  warm,  and  to  protect  ourselves  from  the  sun 
and  rain ;  in  the  mine  the  conditions  are  totally  different,  and 
the  clothing  may  be  altered  accordingly.  On  the  whole  the 
temperature  is  more  uniform  than  it  is  above  ground ;  the  miner 
in  most  cases  finds  his  working-place  warmer  in  winter  and 
cooler  in  summer  than  it  would  be  if  he  were  working  in  the 
fields  in  the  neighbourhood.  It  is  the  exception  to  have  the 
temperature  below  32°  F.  in  mines  even  in  winter.  Occasionally 
in  Great  Britain  a  freezing  wind  rushing  down  the  shaft  will  coat 
the  ladders  with  ice  and  make  climbing  unpleasant  and  risky, 
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and  where  the  climate  is  cold  and  the  openings  in  the  surface 
large,  the  effects  of  frost  are  felt  far  deeper  than  they  are  here. 
The  sinkings  through  alluvial  deposits  in  Siheria  are  instances 
of  great  cold  in  mines  ;  and  even  where  the  operations  are  more 
truly  underground  the  temperature  is  sometimes  below  freezing- 
point.  This  is  the  case  at  the  Algachi  silver  mine  in  Sast 
Siberia  and  at  Klondike. 

The  other  extreme  was  found  in  the  workings  on  the  Corn- 
stock  lode  in  Nevada.  In  the  year  1868,  when  a  depth  of  1000 
to  1200  feet  had  been  reached,  the  heat  in  some  drifts  was  be- 
coming unbearable.  In  August  1868,  at  a  depth  of  iioo  feet  in 
the  ChoUar-Potosi  mine,  the  temperature  was  100"  F.  (377*'  C), 
and  in  the  lower  level  of  the  Hale  and  Norcross  1 10''  F.  (43*3*"  C). 
In  June  1870,  at  the  900-foot  level  of  the  Yellow  Jacket  mine, 
the  temperature  was  97°  F.  (36*1*  C.)  at  a  point  only  300  feet 
from  the  shaft,  although  blowers  were  at  work.  The  highest 
temperatures  were  observed  when  long  levels  were  driven  with- 
out any  ventilating  shafts  or  winzes.  As  soon  as  a  proper 
air  current  was  established  the  temperature  usually  sank  rapidly. 
Thus  the  thermometer  stood  at  130**  to  140"  F.  (54*  to  60''  C.) 
in  a  drift  at  the  1850-foot  level  of  the  Bullion  mine,  but  when 
connection  was  made  with  another  shaft  the  thermometer  went 
down  to  100*  F.  (377'*  C.).  The  miners  working  in  the  hot 
levels  were  supplied  with  ice,  which  was  sent  down  by  the 
ton.  Their  average  daily  consumption  in  the  hottest  parts  of 
the  California  and  Consolidated  mines  during  the  summer  of 
1878  was  95  pounds  of  ice  per  man,  and  they  would  conunonly 
drink  as  much  as  three  gallons  of  water  in  the  shift  of  eight  hours. 
It  was  not  only  the  air  of  the  mine  which  was  hot ;  the  water  was 
even  hotter.  The  spring  in  the  Savage  mine  had  a  tempera- 
ture of  no  less  than  157"  F.  (69*4°  0.),  and  the  incline  was  filled 
with  scalding  vapour.  Up  to  the  end  of  1877  the  highest 
recorded  temperature  of  the  water  was  154"  F.  (677*  C.)  ;  but 
since  then  an  increase  in  the  water  temperature  to  1 70^  F. 
(76-6''  C.)  has  been  noted. 

In  boring  the  Simplon  tunnel  in  the  Swiss  Alps  the  maximum 
rock-temperature  encountered  was  130**  F.  (54*5"  C.). 

At  Dolcoath,  the  largest  and  deepest  tin  mine  in  Cornwall, 
the  temperature  of  the  water  issuing  from  the  rock  in  the 
lowest  workings  was  tound  by  Mr.  W.  Thomas  in  1893  to  he 
nearly  100"  F.  (37  7'C.)  and  that  of  the  air  96*  F.  (35-5"  C). 
The  bottom  level  was  then  2424  feet  vertically  below  the 
surface. 

In  the  adjacent  Cook's  Kitchen  mine,  which  approaches  it<; 
neighbour  in  depth,  the  air  in  the  end  of  the  394-fathom  level, 
at  no  great  distance  from  a  winze,  will  raise  the  thermometer 
to  95"  F.  (35'  C),  whilst  in  the  ends  of  the  420-fathom  level, 
driven  out  but  a  very  short  distance  from  the  bottom  of  the 
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shaft,  the  temperature  of  the  air  is  100"  F.  (37*7"  0.)  and  that 
of  the  water  slightly  higher.  Some  workings  for  copper  at  St. 
Day,  Cornwall,  were  even  hotter,  but  the  mine  has  long  been 
abandoned.  The  submarine  mines  near  the  Land's  End  are 
also  warm,  and  air  temperatures  above  90°  F.  (32**  C.)  are 
often  recorded.  In  Cornwall,  as  in  Nevada,  the  hottest  places 
are  "ends"  or  **  rises"  before  they  are  **  holed"  to  other 
workings.  When  once  a  communication  has  been  effected 
and  a  through  draught  established,  the  rock-faces  cool  down 
quickly. 

With  the  temperatures  just  mentioned,  it  is  evident  that  the 
miner  requires  very  little  clothing,  but  even  when  the  air  is 
comfortably  cool,  he  often  strips  himself  to  the  waist,  in  order 
to  secure  that  freedom  of  limb  which  so  much  conduces  to  the 
efficiency  of  muscular  labour. 

In  some  cases,  such  as  in  the  British  salt-mines,  the  working- 
places  are  very  comfortable ;  indeed,  the  miner  is  better  off 
than  the  labourer  at  the  surface.  He  is  not  exposed  to  the 
burning  sun,  cutting  winds,  or  torrents  of  rain  ;  but  he  works  in 
a  cool  and  pleasant  atmosphere,  varying  little  in  temperature, 
and  he  has  not  to  assume  a  cramped  posture.  On  the  other  hand, 
the  miner's  working-place  may  be  moist  and  steaming,  or  hot, 
dry,  and  dusty,  or  cold,  wet,  and  draughty  ;  and  on  reaching  the 
surface  in  a  cage,  he  may  have  to  face  an  icy  blast  after  leaving 
A  tropical  atmosphere  only  a  minute  or  two  before.  Where 
circumstances  are  so  unlike,  the  clothing  worn  in  the  mine 
must  necessarily  vary,  to  say  nothing  of  differences  in  attire 
due  to  the  habits  of  the  people.  The  South  African  native, 
content  with  a  waist-cloth  above  ground,  requires  nothing  more 
when  he  descends  into  the  diamond  mines,  whilst  the  white 
man,  true  to  his  bringing  up,  needs,  or  thinks  he  needs,  more 
abundant  vestments. 

Hat. — Some  of  the  clothing  used  below  ground  has  to  serve  a 
different  purpose  to  that  required  of  it  at  the  surface.  One 
object  of  the  miner's  hat  is  to  preserve  his  head  from  blows,  as 
he  walks  along  low  and  rugged  tunnels,  and  from  falls  of  stones 
while  working  in  shafts.  The  Cornishman  wears  a  hat  made  of 
felt  and  rosin,  shaped  like  the  ordinary  hard  felt  hat  of  every- 
day life.  It  is  cheap  and  durable,  and  affords  admirable 
protection  against  hard  raps  ;  but  it  is  not  ventilated,  and  it  is 
heavy,  weighing  about  one  pound,  or  four  times  as  much  as  an 
ordinary  felt  hat.  Under  it  the  Cornishman  wears  a  cap  of 
calico  or  linen,  which  often  constitutes  the  headgear  in  the 
working-place  itself,  whilst  the  hard  hat  is  donned  in  going 
to  and  from  the  surface.  A  few  gimlet-holes  improve  the 
Cornish  hat  by  affording  a  little  vent  for  the  perspiration 
given  off  so  freely  when  climbing  ladders  in  warm  shafts. 

The  Cornish  hat  is  serviceable  as  the  brim  keeps  the  neck 
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dry,  and  in  sinking  very  wet  shafts  a  waterproof  flap  can  be 
added,  so  as  to  increase  the  amount  of  protection.  Lastly,  the 
lump  of  clay  used  as  a  candle-holder  can  be  easily  and  safely 
stuck  upon  the  hat,  leaving  the  miner  both  hands  free 
when  he  is  climbing  about  the  workings  by  rope,  chain,  or 
ladder. 

The  British  miner,  working  upon  seams  of  stratified 
ironstone,  afiEects  a  leathern  cap,  which  he  wears  with  the 
small  peak  turned  towards  the  back.  It  is  far  lighter 
than  the  Cornish  hat,  but  it  is  not  capable  of  resisting  so 
hard  a  blow. 

In  France  a  leathern  hat,  in  shape  like  the  Cornisbman's,  is 
common.  It  is  made  of  thick  solid  leather,  and  is  therefore 
very  strong  and  duiuble,  but  it  is  heavy  and  expensive. 

In  some  parts  of  Germany  the  miner  wears  a  brimless  hat^ 
something  like  a  busby,  made  of  loose-textured  felt,  thick 
enough  to  prevent  a  tolerably  hard  knock  from  doing  any  harm, 
and  yet  porous  enough  to  admit  the  passage  of  perspiration. 
In  sunless  workings  a  brim  is  not  required  for  guarding  the 
eyes,  and  in  dry  mines  the  German  hat  with  an  undercap  c^ 
linen  forms  a  very  suitable  head  covering.  It  is  light,  weighing 
only  about  half  a  pound,  and  it  can  be  folded,  which  is  an 
advantage  if  one  is  travelling.  On  the  other  hand,  its  porosity 
and  its  want  of  a  brim  render  it  unfit  for  very  wet  places,  and  it 
cannot  be  used  for  carrying  the  candle  in  the  same  way  as  the 
Cornish  hat. 

The  hat  of  the  Mansfeld  copper  miner  is  made  of  thick  black 
felt  and  weighs  half  a  pound;  it  has  a  broad  brim  which  is 
turned  up  in  front  and  covered  with  leather.  A  piece  of  wire 
sewn  on  under  the  leather  serves  as  a  hook  for  carrying  the 
lamp  on  the  head,  though,  now  that  the  shafts  are  mostly  pro- 
vided with  cages,  there  is  little  ladder  work  to  make  this 
necessary.  The  felt  is  thick  enough  to  save  the  head  if  struck, 
and  the  brim  protects  the  neck  from  drops  of  water.  It  is  a 
light,  comfortable,  and  cheap  hat. 

In  sinking  oil  wells  in  Boumania,  the  miner  adopts  a 
conical  hat,  shaped  like  that  of  the  Chinaman,  but  made  of 
tinplate,  which  serves  to  keep  gff  the  drops  of  water  and 
petroleum. 

Looking  at  the  number  of  accidents  from  falls  of  roof,  to  say 
nothing  of  accidents  from  things  falling  down  shafts,  the  nature 
of  the  head -gear  adopted  by  the  miner  is  not  without  im- 
portance. It  is  especially  necessary  that  shaft-sinkers  should 
be  careful  to  have  suitable, hats.  An  ideal  hat  should  be  light, 
but  strong,  well-ventilated,  and  with  brim  enough  to  prevent 
water  from  running  down  the  neck. 

Boots. — The  Comishman,  though  careful  about  his  head, 
pays  very  little  attention  to  his  feet.     He  often  has  to  walk 
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through  wet  levels,  and  knowing  that  he  cannot  reach  his 
working-place  dry-shod,  he  is  quite  content  with  any  dilapidated 
foot-gear.  Unfortunately  this  carelessness  is  sometimes  the 
cause  of  accidents,  for  men  have  been  known  to  slip  from 
ladders  from  wearing  shoes  which  did  not  give  them  a  proper 
foothold. 

In  some  of  the  Welsh  ore-mines  the  clog  is  very  commonly 
worn ;  it  is  a  boot  with  wooden  soles  and  leathern  "  uppers." 
The  sole  is  protected  from  too  rapid  wear  by  irons  at  the  bottom 
and  sides.  Many  miners  like  clogs,  as  the  wooden  sole  is 
warmer  than  leather,  and  consider  that  they  are  less  likely  to 
slip  than  ordinary  boots  or  shoes  in  climbing  up  and  down 
ladders  or  steep  *'  slopes."  Doubtless  the  stifip  wooden  sole 
gave  a  better  foothold  on  the  vertical  ladders  of  the  Flint- 
shire mines  years  ago  than  yielding  leather.  The  clog  has  the 
further  merit  of  cheapness,  but  the  unbending  sole  renders  it 
therefore  less  comfortable  than  the  ordinary  foot-gear  for  much 
walking.  Men  who  use  clogs  below  ground  often  walk  to  and 
from  the  mines  in  leathern  boots  or  shoes. 

The  Festiniog  "  rockman,"  whose  working-place  lies  among 
smooth  surfaces  of  slates,  trusts  to  a  strong  laced  boot  well 
shod  with  nails  to  prevent  his  slipping  while  he  climbs  about 
chain  in  hand.  Another  reason  for  the  strong  foot-covering 
is  the  fact  that  the  fragments  of  rock  are  often  sharp  and 
cutting. 

Many  miners  in  France  still  wear  the  clumsy  but  cheap 
wooden  shoe  or  "  sabot,"  whilst  in  Spain  they  have  sandals 
made  of  esparto  grass.  These  cost  only  3d.  or  3jd.  per  pair, 
and  last  from  three  weeks  to  a  month.  Lastly,  when  we  travel 
further  afield,  we  find  the  hardy  miner  going  barefoot,  pro- 
vided by  nature  alone  with  a  tough  outer  tegument,  which  gives 
him  a  better  hold  on  rock  or  ladder  than  any  which  art  can 
furnish. 

Jacket. — Little  need  be  said  about  the  clothing  of  the  worker 
at  the  surface,  save  that  where  he  is  engaged  near  machinery 
it  is  advisable  that  the  jacket  should  fit  closely.  Accidents 
have  happened  from  loase  clothing  being  blown  on  to  revolving 
gearing  or  shafting,  which  could  not  be  stopped  until  the 
unfortunate  workman  had  been  drawn  in  and  mangled. 

As  has  been  already  explained,  it  is  necessary  from  time  to 
time  to  clean  out  the  fines  in  which  arsenic  has  collected  from 
the  calcination  of  ores  containing  mispickel.  Under  the 
Special  Rules  in  force  at  some  of  the  Cornish  mines,  the 
owner  has  to  provide  suitable  clothing  for  this  work  ;  probably 
the  best  is  a  combination  suit  consisting  of  jacket  and  trousers 
in  one  garment,  such  as  is  used  for  going  into  boilers.  The 
legs  of  the  trousers  should  be  tied  round  the  ankles,  and  the 
sleeves   round  the  wrists,  in    order  to   prevent  any  particles 
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of  arsenic  from  finding  their  way  to  the  skin  and  so  doing 
mischief. 

2.  H0U8INO. — It  may  or  may  not  fall  to  the  lot  of  the 
mine  owner  to  provide  dwellings  for  some  or  all  of  his  work- 
men, but  in  any  case  it  is  his  duty  to  interest  himself  in 
the  question  of  the  living  accommodation  for  them  and  their 
families. 

When  mining  is  carried  on  in  the  midst  of  a  fairly  populous 
district,  private  enterprise  may  often  be  relied  on  for  providing 
suitable  cottages ;  nevertheless  even  here  the  mine  owner  may 
do  good  by  calling  the  attention  of  the  local  authorities  to 
insanitary  dwellings  or  cases  of  overcrowding.  It  frequently 
happens,  however,  that  mines  are  worked  in  out-of-the-vniy 
places,  where,  at  all  events  in  the  early  days  of  the  enterprise, 
there  is  a  total  absence  or  utter  inadequacy  of  accommodation 
for  the  workpeople.  The  mine  owner  is  then  obliged  to  take 
upon  his  own  shoulders  the  burden  of  providing  dwellings. 
Two  classes  may  be  erected :  (a)  Barracks,  which  serve  for 
unmarried  men,  or  for  married  men  whose  homes  are  not  within 
the  reach  of  a  daily  walk  ;  {h)  Cottages  for  married  couples  and 
their  children. 

a.  Barraokfl. — Excellent  examples  of  barracks  are  found,  for 
instance,  at  the  Mechernich  lead  and  the  Mansfeld  coppr 
mines,  owned  by  two  enlightened  and  prosperous  German  com- 
panies. The  large  workmen's  hotel  at  Mechernich  is  capable 
of  accommodating  about  400  men.  The  workmen  are  per- 
fectly free  to  do  as  they  like,  as  regards  living  in  the  barracks 
or  not ;  but  if  they  do  live  there,  they  must  conform  to  the 
regulations. 

The  cost  of  lodging  is  gd.  per  week ;  for  this  a  man  gets  a 
comfortable  bed  with  a  spring  mattress,  and  clean  sheets  an<i 
blankets.  The  space  allowed  in  the  bedrooms  is  400  cubic 
feet  per  man,  and  in  winter  the  rooms  are  warmed  by  hot  air. 
They  are  kept  scrupulously  clean,  and  the  men  are  obliged  to 
change  their  working  clothes  as  soon  as  they  come  in,  and  put 
on  other  suits. 

The  men  can  be  supplied  with  their  meals  at  stated  hours  in 
the  large  dining-hall  at  low  prices  ;  and  boiling  water  is  always 
ready  for  them  gratis,  so  they  can  make  coffee  from  their  own 
store  if  they  like.  The  dining-hall  has  a  tiled  floor,  and  the 
tables  are  scrubbed  until  they  are  exquisitely  clean. 

The  sanitary  conveniences  are  ample  and  well  kept,  and  the 
men  can  have  warm  shower-baths  free  of  cost. 

The  mental  comforts  are  not  forgotten.  There  is  a  reading- 
room  with  newspapers,  which  is  open  after  working  hours,  and 
a  library,  from  which  the  men  can  borrow  books. 

At  the  Mansfeld  copper  mines  the  company  have  provided 
no  less  than  nine  barracks,  capable  of  accommodating  226S 
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men  and  48  females.  The  barracks  at  Eisleben,  which  will 
house  350  men,  are  represented  in  Figs.  704  and  705.  The 
house  is  a  three-storey  brick  building,  with  bedrooms  for  nine, 
ten,  or  eleven  men  each.  In  accordance  with  official  regula- 
tions, there  is  an  air  space  of  350  to  400  cubic  feet  (10  to  11 
cubic  metres)  per  man.  The  rooms  are  heated  with  hot  air  in 
winter,  and  there  is  a  large  dining-hall  adjoining  the  kitchen 
in  a  separate  building  connected  with  the  dormitories  bj  a 
covered  way.  This  building  cost  ;^937o,  including  a  house  for 
the  steward,  who  superintends  everything,  and  laying  on  water. 
The  barracks  are  built  in  airy  situations,  and  are  mostly 
surrounded  by  gardens.  They  are  provided  with  all  sorts  dP 
conveniences,  baths,  reading-rooms,  libraries,  skittle-alleys,  &c. 

The  men  lodging  at  the  barracks  pay  the  fixed  tariff  of  9d. 
per  day  for  their  board ;  for  breakfast  each  man  gets  ^  litre  of 
coffee  and  milk  ;  for  dinner  I'l  litres  (2  pints)  of  thick  soup  or 
vegetables,  with  ^  kil.  (4^  ozs.^  of  beef  or  pork,  weighed  after 
cooking  and  without  bone ;  ana  for  supper  1 1  litres  (3  pints)  of 
thick  soup,  made  with  suet,  or  coffee  and  milk.  In  addition  to 
this,  he  receives  weekly  two  loaves  of  bread,  each  weighing 
3  kil.  (6*6  lbs.),  ^  kil.  (^  lb.)  of  butter,  and  the  same  amount  of 
fat.  Those  who  prefer  it  can  take  ham,  sausage,  or  bacon 
instead  of  the  butter  and  fat.  For  lodgings,  lights,  and  firing 
each  boarder  has  to  pay  o'6d.  (5  pf.)  per  day  in  summer  and 
o"9d.  (8  pf.)  per  day  in  winter. 

Order  and  cleanliness  are  enforced  by  a  code  of  regulations, 
which  have  to  be  strictly  observed  by  all  the  boarders. 

The  barrack  system  is  also  found  in  Great  Britain,  especially 
in  North  Wales,  but  not  on  so  large  or  so  sumptuous  a  scale  as 
in  Germany.  In  Wales  the  men  often  sleep  two  in  a  bed  upon 
straw  mattresses ;  and,  as  a  rule,  there  is  not  a  separate  eatmg- 
room,  nor  are  there  any  arrangements  for  supplying  meals. 
One  sees  the  men  arrive  on  a  Monday  morning,  carrying  their 
provisions  for  the  week  on  their  backs ;  and  they  cook  their 
food  themselves  by  the  common  fire  of  the  eating  and  sleeping 
apartment  Often  there  is  no  person  provided  for  keeping  the 
rooms  clean,  and  the  disorder  and  discomfort  are  consequently 
great.  Sheer  ignorance  is  the  cause  of  some  of  the  evils. 
Sometimes  bunks  are  prepared  for  2 1  men  in  a  room  without 
a  window  or  a  chimney,  and  containing  only  2200  cubic  feet  of 
space — ue.  about  one- third  of  the  smallest  amount  which 
sanitarians  would  consider  requisite.  If  mining  companies 
build  barracks,  they  should  employ  some  one  lU^uainted  with 
the  rudiments  of  sanitary  science  to  design  them  ;  the  eating- 
room  should  be  separate  from  the  dormitories,  and  the  house 
should  be  kept  clean  and  tidy. 

The  most  extensive  development  of  the  barrack  system  in  any 
British  possessions  is  at  the  Kimberley  diamond  mines,  where 
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the  particular  exigencies  of  the  case  have  led  to  a  modification 
which  is  not  found  elsewhere.  One  great  difficulty  of  diamond 
mining  in  the  early  days  was  the  prevention  of  thefts  of  valuable 
stones.  Gems  of  great  value  can  be  so  easily  secreted  about  the 
person,  or  indeed  swallowed,  that  the  mine  owner  could  be,  and 
was,  robbed  with  little  fear  of  detection.  It  is  true  that  since 
the  passing  of  the  Illicit  Diamond  Act,  the  disposal  of  stolen 
diamonds  has  become  more  difficult,  but  the  protection  afforded 
by  this  statute  does  not  entirely  suffice.  The  plan  now  adopted 
with  the  native  miners  is  to  confine  them  for  the  length  of 
their  contract,  often  three  months,  and  not  allow  them  on  any 
pretext  to  leave  the  company's  premises.  They  go  straight 
from  their  barracks  to  the  mine  by  a  securely  enclosed  way, 
and  return  to  them  as  soon  as  work  is  over.  The  barracks 
consist  of  one-storey  buildings,  made  of  corrugated  iron,  arranged 
so  as  to  form  the  four  sides  of  a  large  square,  and  divided  into 
rooms  holding  about  twenty  natives  each.  The  *'  compound," 
as  it  is  called,  often  covers  several  acres  ;  and  it  is  surrounded 
by  a  high  iron  fence  10  feet  from  the  building.  The  natives 
can  procure  all  the  necessaries  of  life  from  a  store  within  the 
compound,  whilst  food  and  water  are  supplied  free.  A  large 
swimming  bath  enables  them  to  enjoy  a  dip  whenever  they 
like.  If  perchance  a  man  falls  ill,  he  is  taken  to  a  hospital, 
also  belonging  to  the  company. 

Of  course  this  system  would  not  find  favour  with  European 
miners,  who  would  resent  the  enforced  confinement  and  regard 
it  as  an  irksome  imprisonment;  but  the  native,  with  fewer 
wants,  is  quite  content  to  put  up  with  the  tempoi*ary  loss  of 
liberty  for  the  sake  of  getting  good  wages. 

b.  Cottages. — Enough  has  been  said  about  barracks,  and  we 
may  now  pass  on  to  cottages  for  families.  At  many  collieries 
great  attention  has  been  paid  to  the  erection  of  workmen's 
villages,  and  a  large  amount  of  capital  has  been  sunk  in  pro- 
viding comfortable  and  convenient  dwellings.  It  is  an  advan- 
tage to  the  mine  owner  to  have  his  men  on  the  spot,  coming 
to  their  work  without  the  fatigue  of  a  long  walk ;  and  it  is  a 
benefit  to  the  man  to  have  his  home  within  easy  reach.  When, 
therefore,  the  preliminary  explorations  and  workings  have 
revealed  the  existence  of  enough  mineral  to  supply  a  mine  for 
a  number  of  years,  a  company  is  thoroughly  justified  in  spending 
money  upon  houses. 

Figs.  706  to  709  represent  the  type  of  the  miner's  cottage 
erected  for  the  Bolsover  collieries  in  Nottinghamshire.  It 
will  be  seen  that  each  cottage  has  a  good  living-room  and 
scullery  on  the  ground  floor,  two  good  bedrooms  on  the  first 
floor,  and  an  attic  above. 

Many  a  workman,  however,  would  rather  be  his  own  land- 
lord, and  not  feel  the  restraint  of  living  in  a  cottage  belonging 
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to  the  company,  because  he  may  have  to  quit  it  if  he  goes  to 
work  at  another  mine,  or  because  he  feels  the  natural  ambi- 
tion of  wishing  to  own  a  house  himself.  In  order  to  encourage 
this  very  laudable  object,  mining  companies  often  make  it  easy 
for  the  workman  to  buy  his  cottage  by  small  instalments,  and 
they  thus  gather  around  their  mines  a  number  of  small  house- 
holders, who  are  less  likely  to  encourage  disturbances  than  men 


Fig.  706. 


i^          ■    - 

% 

"r7T>   "   'Vt  i^      - 

^'j  "     '-  ui:  ^    •   •*  •'*'  "^         1 

.'.'.■'.'.'.'1 
<            f  ••• 

'... '. 

'-•ill  _. 

w           >                        •             •   "       t| 

n 

.•:;-it    •    ?-|T-: 

■ 

h  • 

.rt'ikil     i    jlih: 

I  > 

H'_' 

i 

L              .1 

Fig.  707. 


'.r»'~i  ".  "»gg'aM5iS"ir  lEaT  -t  «»«dy 


n 


irs.  «;r- 


r^^^ .ii 


h;0" 


I' -A 


rROtfT    Cl€¥MTtO)lt 


BMCH   £l£Mr/OAf 


Fig.  708. 


]- 


^ 


mto»»c 


—     r     -     -:  ■>  t 


mtomvcm 


?    "_^—Zl-- 


FiG.  709. 


r' 

J 

1 

1 

»    1             -■         «; 

4.j*mt  mmmt 

/V  rLOOff  f*lMM 


r-i  u 

•■'■».  1.  -    - 


S<4H£ 


GfiOUtO  PlMff 


w^kiT 


•WCTMM 


who  have  no  special  interest  in  the  preservation  of  order.  To 
the  workman  there  are  advantages  as  well  as  disadvantages ;  i( 
the  cottage  belongs  to  him,  he  has  a  feeling  of  independence, 
and  he  does  not  mind  spending  money  to  embellish  or  improve 
it,  which  he  would  not  do  if  it  were  the  property  of  somebody 
else.  The  purchase  may  be  a  wise  and  profitable  one,  if  he  feels 
pretty  sure  that  he  is  going  to  spend  all  his  days  in  one  place ; 
but  this  fixedness  to  one  district  cannot  always  bo  assured  or 
advised.  Wages  may  be  better  in  an  adjoining  county  or  in 
some  foreign  land,  mining  may  decline  at  home   or  entirely 
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cease,  and  a  move  may  become  a  necessity,  with  no  chance  of 
selling  the  cottage  property.  In  such  circumstances  the  earn- 
ings spent  in  buying  a  cottage  will  have  been  badly  invested. 
It  also  happens  that  during  a  period  of  high  wages  a  man  is 
tempted  to  arrange  for  the  purchase  of  his  house  with  one  of 
the  numerous  building  societies,  and  he  agrees,  for  instance, 
to  pay  j£i  per  month  for  ten  years,  at  the  end  of  that  time 
becoming  the  owner  of  a  house  worth  ;;^i2o.  If  his  wages  are 
j£j  fi  month  he  can  manage  the  monthly  instalments  without 
difficulty ;  but  let  wages  drop  to  ;^5,  and  he  will  find  it  far  less 
easy  to  keep  up  his  payments. 

Of  the  persons  employed  at  the  Mansfeld  copper  mines  25 
per  cent,  ai-e  living  in  their  own  houses,  of  which  nearly  one 
quarter  have  been  purchased  with  the  assistance  of  the  Company. 

Before  concluding  this  subject  of  housing,  a  word  may  be 
said  about  the  '*  dries,"  or  changing  houses,  which  have  to  be 
provided  at  mines  under  the  Metalliferous  Act,  when  more  than 
twelve  persons  are  employed  below  ground.  Such  a  house  is 
very  necessary  when  the  men  come  up  wet  and  dirty^  and  often 
soaked  with  perspiration  from  working  in  hot  places  or  from 
climbing  long  runs  of  ladders.  They  then  change  all  their 
clothes,  and  leave  them  to  be  dried  ready  for  use  on  the 
following  day.  One  of  the  best  modes  of  heating  a  "  dry  "  is 
by  steam  ;  the  shell  of  an  old  boiler  is  placed  along  the  centre 
of  the  house  and  is  supplied  with  steam  from  any  convenient 
source.  Owing  to  the  large  surface  of  the  shell  the  room  is 
speedily  heated,  and  the  clothes  hung  about  it  are  quickly 
dried.  The  water  condensing  from  the  steam  may  be  drawn 
off  by  a  cock  and  used  for  washing  purposes.  Figs.  710  and 
711  represent  the  changing  house  erected  at  Levant  mine  in 
Cornwall  by  Mr.  Eustice,  which  has  the  advantage  of  being  put 
into  communication  with  the  man-engine  shaft  by  a  passage 
and  staircase,  so  that  the  men  stand  no  risk  of  exposure  to  the 
fierce  breezes  coming  straight  off  the  Atlantic,  which  might 
sometimes  be  trying  after  the  underground  warmth.  It  is 
heated  by  rows  of  hot- water  pipes. 

The  floor  of  the  "  dry "  should  be  made  of  cement  and  not 
of  boards,  to  permit  the  application  of  the  hose  for  washing  it. 
Benches  and  lockers  should  be  removable  in  order  to  facilitate 
the  cleaning,  which  is  frequently  necessary,  considering  the 
amount  of  dirt  which  cannot  fail  to  accumulate  in  such  a  place. 
A  wooden  floor  has  the  disadvantage  that  the  boards  are  sure  to 
shrink  under  the  constant  warmth,  and  when  once  full  of  gaping 
chinks  it  can  never  be  effectunlly  cleaned ;  besides,  there  is  the 
danger  from  fire,  either  from  matches  left  carelessly  about  or 
from  the  men  smoking  in  a  place  where  the  wood  gets  as  dry  as 
tinder.  The  walls  should  be  whitewashed  at  regular  and 
frequent  intervals,  in  order  to  keep  the  place  thoroughly  sweet. 
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It  is  not  difficult  to  give  the  miner  the  luxury  of  a  ehower- 
bath  at  a  small  cost,  and  it  Beema  to  be  far  better  that  the 
miner  should  change  and  perform  all  necessary  ablutions  at  the 
mine,  than  go  home  in  his  underground  clothes,  and  depend  upon 
the  resonrcea  of  hia  cottage  for  washing  himself  and  drying  his 
working  apparel. 

At  the  Anzin  coIliei-ie»,  in  the  north  of  France,  and  at  other 
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Continental  mine.s,  shower-baths  {Fig.  712)  are  provided  at 
the  different  shaftH,  in  sufficient  number,  that  the  men  have 
not  to  wait  for  their  turn, 

3.  EDUCATION.— The  school  education  maybe  of  two  kinds, 
general  and  technical.  In  countries  where  the  primary  educa- 
tion is  free,  the  mine  owner  need  not  concern  himself  with 
providing  schools  and  tea^ihers ;  but  where  the  Stjite  does  not 
take  this  paternal  cure  of  the  rising  generation,  a.  certain 
responsibility  for  the  young  is  often  felt  by  the  shareholders  of 
the  mining  companies. 

For  carrying  on  mining,  it  is  not  sufficient  merely  to  provide 
strong  bones  and  well -developed  muscles ;  there  must  also  be 
brains,  or,  in  other  words,  no  matter  how  good  the  miners  are, 
their  work  must  be  directed  by  trained  engineers  and  competent 
foremen.  The  latter  may  well  be  recruited  from  among  the 
actual  working  men,  who  should  have  some  general  knowledge 
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of  science  and  some  special  training  in  the  various  branches  of 
their  profession. 

This  scientific  and  technical  training  is  frequently  provided 
by  the  large  foreign  mining  companies  at  their  own  expeni^. 
The  best  of  the  young  men  attend  classes  out  of  working  houns 
and  thus  manage  to  carry  on  their  lecture-room  teaching  hand 
in  hand  with  the  practical  instruction  which  they  are  acquiring 
in  the  mine  itself. 

In  Great  Britain  the  education  of  the  young  miner  is  largely 
aided  by  classes  held  in  the  evenings,  under  the  auspices  of  the 
Board  of  Education,  of  the  City  and  Guilds  of  London  Institute, 
and  of  some  of  the  County  Councils.  The  energetic  and  ambitious 
workman  can  nowadays  obtain  instruction  in  mathematieis 
mechanics,  chemistry,  physics,  geology,  the  principles  of  mining, 
ore-dressing,  assaying,  and  mine-surveying  in  any  large  town 
and  often  in  outlying  villages.  To  those  preparing  to  pass  the 
examination  for  a  certificate  under  the  Coal  Mines  Act,  these 
classes  are  very  valuable. 

The  success  of  local  schools  and  classes  depends  a  good  deal 
upon  the  attitude  assumed  by  the  managers  of  mines  in  the 
neighbourhood.  If  educational  work  is  pooh-poohed ,  by  the 
masters,  the  men  follow  suit  and  the  teaching  languishes.  On 
the  other  hand,  if  the  head-piece  of  the  school  is  one  of  the  chief 
mining  engineers  of  the  distorict,  pupils  flock  to  the  lecture-rooms 
and  laboratories,  and  success  is  almost  a  certainty.  By  forming 
and  encouraging  these  local  schools  or  classes,  owners  and 
managers  of  mines  are  not  only  promoting  the  welfare  of  the 
rising  generation  around  them,  but  they  are  at  the  same  time 
doing  good  to  mining  generally,  and  are  contributing  to  the 
introduction  of  the  most  improved  methods  of  extracting 
minerals.  Just  as  the  success  of  an  army  depends  largely  upon 
its  trained  non-commissioned  officers,  so  the  prosperity  of  a 
mining  enterprise  is  largely  influenced  by  the  competency  of  the 
foremen ;  many  of  them  by  virtue  of  their  talent  and  industry 
rise  from  the  ranks  and  become  excellent  managers  of  mine^. 

The  training  of  foremen  must  not  be  carried  on  to  the  exda- 
sion  of  all  thought  for  their  sisters,  who  will  make  better  wives 
and  mothers  if  they  receive  some  instruction  in  the  arts  which 
belong  more  particularly  to  the  domain  of  women,  such  a.s 
housekeeping,  cookery,  and  nursing.  Teaching  of  this  kind 
becomes  more  than  ever  necessary  in  localities  where  female 
labour  is  employed  on  the  dressing-floors,  for  then  the  gij^^ 
fail  to  receive  that  practical  training  in  household  work  which 
would  otherwise  fall  to  their  lot  if  they  entered  domestic  service, 
or  helped  their  mothers  in  their  own  homes. 

4.  SICKNESS. — At  first  sight  it  might  be  supposed  that 
mining  is  necessarily  an  unhealthy  occupation,  that  confined  for 
hours  in  dark  and  gloomy  passages  a  man  cannot  keep  well  and 
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strong.  Stubborn  facts  and  figures  show  that  a  general  asser- 
tion of  this  kind  is  not  well-founded  ;  but  nevertheless  the 
miner  does  suffer  in  some  cases  from  diseases  inherent  to  his 
calling,  and  these  can  be  best  combated  if  their  causes  are 
thoroughly  understood  by  all  who  are  connected  with  mining 
operations. 
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The  diseases  to  which  miners  are  most  liable  have  been  care- 
fully studied  in  1 885  by  Dr.  Ogle,  who  with  infinite  pains  has 
worked  out  the  death-rates  for  mining,  as  well  as  for  other 
occupations,  from  the  figures  contained  in  the  national  register 
of  deaths.  Of  course  it  is  very  difficult,  if  not  impossible,  in 
comparing  the  death-rate  of  the  miner  with  that  of  some  other 
working  man,  to  say  precisely  how  much  of  the  difference  is  due 
to  the  effect  of  the  calling.  The  miner  is  to  a  certain  extent  a 
picked  man ;  the  weaklings  of  a  family  do  not  go  to  work  under- 
ground, consequently  in  the  race  of  life  the  miner  has,  so  to  say, 
a  start,  which  ought  ceteris  paribus  to  make  him  a  winner. 
The  actual  death-rates  of  some  occupations  are  given  in  the 
above  table,  extracted  from   Dr.  Ogle's  much  more  complete 
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list.     The  comparative  mortality  figure  affords  the  easiest  mean^f. 
of  contrasting  the  differences  between  the  various  callings  a^ 
regards   healthiness.      The    figure    looo  represents   the    total 
number  of  deaths  among  a  certain  number  of  male    person^ 
between  the  ages  of  25  and  65  for  the  whole  of  England  ;  then 
taking  the  same  number  of  persons  in  any  particular  calling 
at  the  same  ages,  Dr.  Ogle  has  calculated  die  corresponding 
number  of  deaths.      The  lower  the  figure,  the   healthier   the 
occupation.     In  very  healthy  districts  the  mortality  figure  is  &s 
low  as  804,  that  of  the  agricultural  labourers  is  only  701.     If 
we  take  miners,  we  do  not  fijid  a  high  mortality  figure  for  the 
collier,  nor  for  the  ironstone  miner ;  but  the  figure  for  Cornwall 
is  appalling.     Mining  coal  and  ironstone  appears  to  be  less  fatal 
to  life  than  baking  bread  or  making  boots  and  shoes.  • 

The  diseases  inherent  to  the  miner's  caUing  are  due  to  the 
following  causes  : — 

(i)  Breathing  a  polluted  atmosphere. 

(2)  Poisoning  by  compouDd^  of  arsenic,  lead,  or  mercury. 

(3)  Excessive  ladder  climbing. 

(4)  Working  in  constrained  positions. 
(3)  Exposure  to  heat  and  cold. 

(6)  Intestinal  parasitic  worms,  which  have  part  of  their  life  cjcle 

favoured  by  the  conditions  of  certain  undergroond  excavations. 

(7)  Working  in  compressed  air. 

Of  these  various  causes  the  first  is  undoubtedly  by  far  the 
worst :  it  brings  on  phthisis  and  other  diseases  of  the  respiratory 
organs.  There  is  nearly  six  times  as  great  a  mortality  from 
these  diseases  among  Cornish  miners  as  there  is  among  fisher- 
men. The  manner  in  which  the  air  of  mines  is  poUated  ha.< 
been  explained  in  the  chapter  upon  Ventilation.  It  is  the 
opinion  of  the  best  qualified  judges  that  dust  is  largely  respon- 
sible for  the  respiratory  ailments  from  which  the  miner  so 
often  suffers.  The  difference  between  the  atmosphere  of  a  mine 
and  that  of  the  external  atmosphere  is  often  made  very  plain 
by  the  state  of  the  nostrils  after  a  few  hours  spent  in  under- 
ground workings ;  it  is  found  that  they  have  strained  off  a  part 
of  the  solid  particles  floating  about  in  the  air  of  the  mine, 
and  the  amount  so  arrested  wiQ  serve  as  some  gauge  of  the 
quantity  inhaled.  Besides,  men  commonly  breathe  a  great  deal 
through  the  mouth,  and  lose  the  benefit  of  their  natural  air- 
filter. 

The  dust  acts  mainly  mechanically,  but  in  a  few  exceptional 
cases  its  evil  effects  are  due  also  to  poisonous  chemicad  pro- 
perties. The  mechanical  action  is  at  first  an  irritation  of  the 
delicate  lining  membrane,  and  then  the  particles  make  their 
way  into  the  tissues,  choke  them  and  harden  them,  and  so 
render  them  unfit  for  allowing  the  chemical  action  of  the  air 
upon  the  impure  venous  blood  which  is  necessary  to  life.     The 
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diseases  caused  by  the  inhalation  of  dust  in  this  way  are 
bronchitis,  shortness  of  breath,  asthma,  and  consumption. 

A  large  proportion  of  the  dust  is  produced  in  the  process  of 
boring  holes  for  blasting  in  an  upward  direction.  If  the  hole 
has  a  downward  inclination  the  miner  puts  water  in,  which  not 
only  prevents  any  dust,  but  also  renders  his  work  easier  by 
allowing  the  edge  of  the  tool  to  act  more  fairly  against  the  rock. 
When,  on  the  other  hand,  the  miner  is  boring  upwards,  the 
dust  is  scraped  out  or  falls  out,  and  though  the  coarsest  particles 
may  at  once  drop  to  the  ground,  the  very  fine  and  light  ones 
float  about,  and  produce  a  cloudy  and  noxioiis  atmosphere.  If 
machine  drills  are  employed,  the  amount  of  dust  produced  in  a 
given  time  is  often  considerable,  as  will  be  instantly  recognised 
by  any  one  dressed  in  a  dark  suit  who  stands  by  one  of  these 
machines  while  it  is  working  in  dry  ground. 

Prevention  is  better  than  cure,  and  the  evil  consequences  can 
be  averted  by  forcing  a  jet  of  water  into  the  hole  during  the 
boring  operations.  The  jet  may  be  produced  either  by  allowing 
the  compressed  air  to  act  upon  the  surface  of  a  tank  containing 
water,  or  by  bringing  down  a  supply  in  a  pipe  from  a  tank 
situated  at  a  higher  level.  Keeping  the  sides  of  the  level  moist 
is  another  precaution ;  the  particles  of  dust  wafted  against  the 
wet  surface  are  caught,  like  flies  upon  sticky  paper,  and  so 
rendered  harmless. 

Some  of  the  dust  arises  from  the  rock  being  broken  up  in  the 
process  of  blasting,  and  some  comes  from  the  explosive  itself,  if 
it  consists,  for  instance,  of  infusorial  earth  mixed  with  nitro- 
glycerine. 

A  fine  spray  is  very  effective  in  laying  the  dust  and  fumes 
produced  by  blasting,  and  an  easy  method  of  producing  it  is  to 
turn  a  jet  of  compressed  air  into  a  pipe  supplied  with  water. 
An  appliance  of  this  kind  is  specially  desirable  when  the  blast- 
ing in  an  "  end  "  is  done  by  volleys,  when  the  miner  has  to  walk 
into  the  smoke  of  one  blast  in  order  to  charge  another  set  of 
holes.  Some  men  make  use  of  a  sponge  as  a  respirator  while 
exposed  to  the  dust  and  fumes,  and  no  doubt  with  good  effect ; 
but  it  is  well  to  delay  the  return  as  long  as  possible,  unless 
the  "  end "  is  provided  with  such  an  apparatus  as  Teague's 
ventilator,  which  speedily  withdraws  all  noxious  fumes  from  the 
working-place.  If  it  is  necessary  in  some  particular  case  to  go 
into  an  "  end  "  full  of  smoke,  the  harmful  effects  may  be  reduced 
by  making  use  of  Nature's  respirator,  namely^  the  nose,  and  not 
breathing  at  all  through  the  mouth. 

Government  inquiries  into  the  prevalence  of  consumption 
among  miners  have  been  conducted  in  the  Transvaal,  in  Great 
Britain,  in  Queensland,  and  elsewhere.  The  Ti*ansvaal  Com- 
mission, which  reported  in  August  1903,  found  that  of  12 10 
miners  examined  15*4  per  cent,  were  clearly  affected  with  con- 
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sumption,  and  7*2  per  cent  were  suspected  cases,  rock  driUers 
contributing  91*98  per  cent,  of  the  infection. 

Dr.  Haldane  and  Mr.  Thomas  show  that  during  the  last  twelve 
or  fourteen  years — the  period  over  which  the  Rand  is  capable  of 
having  exercised  an  influence  over  the  mortality  of  Cornish 
miners — the  expectation  of  life  of  those  in  the  prime  of  life  has, 
after  a  period  of  slow  increase,  rapidly  declined,  as  the  following 
table  of  deaths  among  Cornish  miners  per  1000  living  at  each 
age  shows : — 


AgOB— 30-95. 

35-35. 

35-45 

45-55- 
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81 

14*3 

33*2 
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5-8 
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Now  the  death-rate  for  the  second  period  in  the  case  of  men  who 
did  not  run  drills  was  slightly  below  that  shown  for  1890—2,  and 
it  is  thus  established  that  the  changed  conditions  are  almost 
entirely  confined  to  the  employment  of  rock  drilling.  This 
circumstance,  and  the  fact  that  the  coal  and  ironstone  miners 
in  Great  Britain  are  subject,  equally  with  the  metalliferous 
workers  of  Cornwall,  to  the  other  possibly  deleterious  conditions 
of  a  miner's  calling,  while  their  mortality  rates  are  below  the 
average  for  all  employments,  make  it  clear  beyond  question  that 
it  is  dust  and  not  mine  gas  that  is  such  an  active  agent  in  the 
destruction  of  human  life.  In  1900- 1902,  between  the  ages  of 
35  ^  45>  when  the  machine  man  is  probably  most  efficient  33*2 
per  1000  of  the  miners  living  in  Cornwall  died  of  lung  disease — 
85*12  per  cent,  of  the  total  deaths  in  this  class  during  the  period 
— as  compared  with  3*5  per  1000  in  the  case  of  coal  miners,  3*2 
per  1000  in  the  case  of  ironstone  miners,  and  8*7  per  1000  in 
the  case  of  lead  miners  of  similar  age  during  1890- 189  2. 

The  investigation,  however,  proceeded  further  than  this,  and 
showed  that  for  17  cases  examined  in  which  machine  drilling 
had  been  done  in  Cornwall  only,  the  average  duration  of  work 
was  8*4  years,  while  in  the  case  of  the  47  Transvaal  cases 
examined  the  average  was  47  years ;  this,  taken  with  the  fact 
that  98  per  cent,  of  the  mortality  of  the  rock  drillers  from  the 
Transvaal  was  from  phthisis,  as  against  89  per  cent,  in  the  case 
of  home  workers,  quite  bears  out  the  conclusion  that  for  the 
increased  mortality  shown  only  about  40  per  cent,  can  be 
attributed  to  work  in  Cornish  mines,  the  rest  being  nearly  all 
attributiible  to  work  in  the  Transvaal.  The  cause  of  this  greater 
mortality  is  due  chiefly  to  the  rate  of  working.  Not  only  are 
the  mines  —  naturaUy  very  dry  —  developed  with  a  rapidity 
unknown  in  Cornwall,  so  that  the  number  of  shots  fired  per  dav 
is  much  greater,  but  there  is  ample  testimony  that  it  is  the 
custom  for  the  men  to  return  to  the  face  immediately  after  the 
blast,  when  the  air  is  so  charged  with  dust  and  smoke  as  to 
obscure  a  candle  a  foot  distant.     The  character  of  the  rock 
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particles  may  also  have  some  some  influence ;  those  of  the  Rand 
quartzites,  as  shown  under  the  microscope,  being  peculiarly 
sharp  and  serrated.  In  Queensland  reports  from  the  medical 
officers  at  Gympie,  Mount  Morgan,  and  Charters  Towers,  pre- 
pared at  the  instance  of  the  Under  Secretary  for  Mines,  show 
that  miners'  phthisis  is,  if  present  at  all,  certainly  exceptional ; 
while  on  the  Kolar  field  in  India,  where  machines  are  used  in 
stopes  as  well  as  in  levels,  the  disease  is  as  yet  unknown,  except 
for  a  few  cases  which  have  been  imported  from  the  Rand. 

As  a  result  of  the  findings  of  the  British  Home  Office  Depart- 
mental Committee,  the  following  special  rules  came  into  force 
in  the  metalliferous  mines  in  the  counties  of  Cornwall  and 
Devon  on  January  i,  1905  : — 

1.  No  person  shall  Dse  or  cause  or  allow  to  be  used  in  the  mine  any  per- 

cussion rock  drill  unless  a  water  jet  or  spray  or  other  means  equally 
efficient  is  provided  and  used  so  as  entirely  to  prevent  the  escape  of 
dust  into  the  air. 

2.  After  blasting  in  any  end,  rise,  or  other  place,  no  person  shall  return 

to  that  place  until  after  the  lapse  of  at  least  half-an-hour,  unless 
the  air  in  such  place  has  been  cleared  of  the  dust  and  smoke  arising 
from  such  blasting  by  efficient  ventilation  or  other  special  means, 
or  unless  an  effective  respirator  or  other  apparatus  is  used  to  prevent 
his  inhaling  such  dust  or  smoke.  Blasting  shall  be  so  arranged  that 
men  working  in  other  places  shall  be  exposed  as  little  as  practicable 
to  dust  and  smoke. 

3.  In  ends,  or  rises,  and  as  far  as  practicable  in  other  places,  no  person 

shall  remove  or  cause  or  allow  to  be  removed  the  rock  broken  if  dry 
and  dusty,  unless  it  has  been  effectively  damped  so  as  to  prevent 
the  escape  of  dust  into  the  air  during  removal. 

4.  The  owner,  agent,  or  manager  shall  cause  all  stone-breaking  machines 

used  :it  the  mine  to  be  provided  and  kept  provided  with  an  efficient 
watering  or  other  arrangement  to  prevent  the  escape  of  dust  into  the 
air,  and  no  person  shall  worker  cause  or  allow  to  be  worked  any  such 
machine  unless  such  arrangement  is  provided  and  effectively  used. 

5.  The  owner,  agent,  or  manager  shall  cause  a  sufficient  number  of  suit- 

able sanitary  conveniences  to  be  provided  above  and  below  ground 
in  suitable  and  convenient  places  for  the  use  of  the  persons  em- 
ployed, and  to  be  constantly  kept  in  a  cleanly  and  sanitary  con- 
dition, and  no  person  shall  relieve  his  bowels  below  ground  elsewhere 
than  in  those  conveniences.  No  person  shall  soil  or  render  unfit  for 
use  in  any  way  any  convenience  or  sanitary  utensil  or  appliance 
provided  for  the  use  of  the  persons  employed.  Pump  cisterns, 
sumps,  and  water  accumulations  in  the  mine  shall  not  be  directly  or 
indirectly  used  for  the  purpose  of  Rule  5  as  a  sanitary  convenience. 

6.  It  shall  be  the  duty  of  the  owner,  agent,  or  manager  to  see  that  all 

plant,  material,  and  other  things  necessary  to  enable  the  above  rules 
to  be  carried  out  are  provided  and  maintained  in  working  order,  and 
to  appoint  sufficient  competent  officials  to  enforce  the  requirements  of 
the  rules,  and  for  this  purpose  to  assign  to  each  his  respective  duties. 

It  shall  be  the  duty  of  the  officials  so  appointed  to  see  that  the  rules  are 
observed  by  all  persons  employed  in  the  mine  and  to  carry  out  the 
duties  assigned  to  them. 

It  shall  be  the  duty  of  all  persons  employed  in  the  mine  to  comply  with 
the  requirements  of  the  rules  and  with  such  instructions  as  may  be 
given  to  them  by  the  officials  with  a  view  to  such  requirements 
being  carried  out. 
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Dusts  which  have  a  poisonous  effect  are  those  of  cerUiD 
minei-als  containing  arsenic,  lead,  and  mercury. 

According  to  Dr.  Harting  and  Dr.  Hesse,  cancer  in  the  lun^> 
is  not  uncommon  among  the  men  working  in  the  cobalt  mines  of 
Schneeberg  in  Saxony,  and  they  ascribe  the  disease  to  dust 
containing  arsenic  in  combination  with  cobalt,  which  prodtice>  a 
permanent  chemical  irritation  in  the  delicate  air-passages.  It 
seems  to  be  mainly  the  mineral  smaltite  (CoAs^)  which  is  the 
source  of  the  disease,  the  cobalt  minerals  containing  sulphur  in 
addition  to  the  arsenic  are  far  less  poisonous,  as  they  are  less 
readily  decomposed.  When  one  reflects  how  soon  cobalt  bloom, 
the  hydrated  arseniate  of  the  metal,  is  formed  upon  the  ores  in 
a  damp  atmasphere,  it  is  not  surprising  that  a  similar  action 
should  go  on  with  minute  particles  of  smaltite  embedded  in  the 
lung  tissue,  and  eventually  set  up  a  considerable  amount  of 
ii*ritation. 

Far  more  dangerous  than  the  dust  of  arsenical  minerals  under- 
ground are  the  fumes  produced  in  roasting  ores  containing  niis- 
pickel,  a  process  which  goes  on  in  many  tin  mines  and  some  gold 
and  copper  mines.  Particles  of  arsenious  acid  attach  themselves 
to  the  skin,  in  places  where  it  is  moist  from  perspiration,  ami 
produce  nasty  sores,  whilst  those  which  enter  the  body  give  rist? 
to  various  disturbances  of  the  digestive  organs.  The  best  ineiiLL> 
of  avoiding  the  ills  due  to  arsenic  have  been  pointed  out  h\ 
Hirt  at  some  length.  Only  thoroughly  healthy  men  should  W 
allowed  to  work  in  places  where  there  is  danger  from  arsenir. 
and  they  should  be  relieved  at  regular  intervals.  Bottler  of 
hydnited  oxide  of  iron,  in  the  form  of  an  emulsion,  should  b<» 
kept  in  readiness,  both  as  a  preventative  and  an  antidote.  The 
men  must  be  compelled  to  exercise  the  greatest  cleanliness,  and 
when  exposed  to  the  dust  and  vapours  should  cover  the  moutl. 
with  a  dry  cloth.  Arsenical  sores  should  be  plastered  over  with 
fuller's  earth  moistened  with  water  and  hydrated  oxide  of  iron  ; 
strong  drinks,  especially  brandy,  must  be  avoideii,  but  milk  and 
greiisy  soups  strengthen  the  system. 

In  an  ordinary  lead  mine,  where  the  ore  consists  entirely  or 
almost  entirely  of  galena,  plumbism  is  rarely  heard  of ;    but 
when  the  ore  is  cerussite,  a  different  state  of  things  arisen,  an*  1 
the  disease  may  be  rife.     It  is  well  known  that  the  artificial 
carbonate,  the   white   lead   of   commerce,   produces    poisoniiii: 
among  painters,  so  much  so  indeed  that  one  of  the  ailments  due 
to  leiid  is  known  as  "  painters*  colic  "  ;  it  cannot  therefore  sur- 
prise us,  when  mere  handling  is  injurious,  that  breathing  a  lead- 
laden  atmosphere   should  likewise   be   pernicious.     Plunabisni 
among  miners  has  probably  never  been  so  prevalent  as  in  the 
Broken  Hill  district  in  New  South  Wales,  where  some  of  the  ore 
in  the  shallow  levels  is  a  pulverulent  earthy  carbonate  of  lead. 
According  to  the  report  of  a  Board  of  Inquiry,  the  state  «-»t 
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things  must  have  been  very  bad  in  1893.  Miners  suffered  more 
than  the  smelters,  but  even  the  ore-pickers  were  not  exempt 
from  the  malady.  From  this  fact  we  may  conclude  that  lead 
may  have  entered  the  system  in  some  cases  by  eating  food 
with  dirty  fingers,  or,  it  may  be,  from  smoking  a  pipe  filled 
with  tobacco  rubbed  in  a  leady  hand.  The  baneful  effects 
were  reduced  by  not  allowing  the  men  to  work  very  long 
at  one  time  in  the  parts  of  the  mine  where  the  soft  car- 
bonate occurred.  The  managers  arranged,  for  instance,  that 
a  man  should  take  one  fortnight  mining  the  earthy  cerussite ; 
the  next  fortnight  he  was  put  to  work  at  the  surface  and 
made  to  quan-y  ironstone — i,e,  the  ferruginous  outcrop  of 
gossan,  used  as  a  flux  at  the  smelting  works ;  and  then  he 
took  a  fortnight  underground,  mining  kaolin  ore,  which  con- 
sists largely  of  kaolin  and  silver  chloride  and  has  no  deleterious 
effect,  or,  at  all  events,  does  not  cause  lead  poisoning.  Now 
much  of  the  soft  carbonate  ore  is  worked  opencast. 

The  regulations  made  under  an  Act  of  Parliament  further  to 
abate  the  evils  of  lead  poisoning  at  the  Broken  Hill  mines  have 
borne  good  fruits,  the  percentage  of  persons  affected  in  1895 
having  been  2*07,  whilst  in  1901  it  was  only  0*19. 

The  precautions  to  be  adopted  against  plumbism  at  mines  of 
this  description  are :  ample  ventilation,  laying  the  dust  as  far  as 
possible  by  a  spray  of  water,  and  the  strictest  cleanliness.  The 
mine-owner  should  do  his  share  by  giving  the  men  every  possible 
convenience  for  washing  themselves  and  changing  their  working 
clothes,  but  no  amount  of  forethought  on  his  part  will  sufiice  to 
prevent  the  evil  entirely,  if  the  men  fail  to  avoid  every  chance 
of  defiling  their  food  or  tobacco  by  lead  ore. 

Working  in  quicksilver  mines  is  found  to  be  unhealthy,  and 
the  men  suffer  from  mercurial  poisoning  unless  special  precautions 
are  taken.  Thus,  at  Almaden,  in  Spain,  even  if  the  ventilation 
is  good,  the  miner  cannot  work  more  than  four  to  four  and  a 
half  hours  a  day,  nor  can  he  work  more  than  seven  or  eight 
days  in  a  month  without  injuring  his  health  very  rapidly.  It  is 
true  that  the  miners  suffer  less  than  the  smelters,  which  is  the 
reverse  of  what  happens  at  Broken  Hill,  and  the  explanation  of 
this  is  that  mercurial  poisoning  is  mainly  due  to  the  vapour  of 
the  metal.  At  Almaden  some  of  the  mercury  exists  in  the 
native  state  and  is  supposed  to  sublime  slowly ;  but  even  at 
Idria,  in  Austria,  where  there  is  no  native  mercury,  where  the 
ore  is  less  rich  than  at  Almaden,  and  where  the  ventilation 
is  excellent,  the  men  work  only  four  hours  at  a  stretch — i,f, 
four  hours  in  the  morning  and  four  in  the  afternoon,  with  an 
interval  of  rest  of  four  hours. 

The  symptoms  of  mercurial  poisoning  noticed  at  Almaden  are : 
inflammation  of  the  mouth,  salivation  and  loss  of  teeth,  shiver- 
ings,  gradual  and  general  wasting  away. 
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Excessive  ladder-climbing  has  long  been  pointed  oat  by  medical 
men  as  a  cause  of  disease.  If  the  heart  is  over-stretched  day 
after  day  and  year  after  year,  it  becomes  dilated,  loses  some  of 
its  contractile  power,  and  is  therefore  less  capable  of  performincr 
its  pumping  action  properly.  The  miner  who  for  years  has  ha<i 
to  descend  and  ascend  by  ladders  in  deep  mines,  will  generally 
be  found  to  have  a  feeble  heart  and  weak  pulse  on  this  aocoant. 
Young  miners  should  be  careful  to  avoid  the  over-exertion  caused 
by  climbing  with  unnecessary  haste.  In  these  days  of  excellent 
steel  wire  ropes  for  winding  men  up  in  cages,  it  is  perfectly 
absurd  that  a  miner  should  be  condemned  to  the  treadmill  toil 
of  ladder-climbing,  which  has  nothing  to  be  urged  in  its  favour. 
The  shareholder  has  to  pay  for  an  unprofitable  form  of  labour, 
his  mine  is  conducted  with  less  supervision  than  there  would  be 
if  access  to  the  workings  were  easier,  whilst  the  unfortunate 
miner  suffers  in  health  and  strength.  When  a  mine  reaches  a 
depth  of  I  oo  yards  the  owner  should  introduce  means  of  raising 
and  lowering  the  men  mechanically  without  fatigue. 

It  is  easy  to  conceive,  when  a  man  is  working  continuously 
for  years  in  a  constrained  position,  that  certain  muscles  will  be 
stunted  in  their  growth  from  want  of  use,  and  that  others  will 
be  abnormally  enlarged  from  over- use,  and  so  cause  a  distortion 
of  the  body.  This  happens  to  a  slight  extent  with  the  men 
working  on  the  thin  bed  of  copper  shale  of  Mansfeld. 

The  disease  of  the  eye  known  as  nystagmus  has  been  noticed 
among  colliers.  A  person  suffering  fi*om  nystagmus  sees  objects 
apparently  moving  in  a  circle  ;  gas  lights  in  a  room,  for  instance, 
seem  to  dance  ;  the  man  also  suffers  from  headache  and  giddi- 
ness, and  the  eyeballs  are  noticed  to  oscillate  or  rotate.  Accord* 
ing  to  Snell,  the  men  most  afflicted  with  nystagmus  are  thoc?e 
who  have  to  work  lying  on  their  side ;  owing  to  this  unnatural 
position  the  muscles  of  the  eyes  are  unduly  strained  and  suffer 
from  overwork.  Mere  work  upon  the  side  is  in  some  districts 
insufficient  to  set  up  the  disease,  for  during  a  period  of  six  y^u> 
only  two  cases  were  noticed  among  the  1 4^000  Mansfeld  coppt*r 
miners.  As  these  men  use  open  lights,  it  is  not  unnatural 
that  nystagmus  should  have  been  ascribed  by  some  doctors  to 
the  insufficient  illumination  afforded  by  the  safety  lamp. 

The  great  heat  of  the  workings  on  the  Comstock  lode  has  been 
mentioned  in  the  early  part  of  this  chapter,  and  many  men  are 
said  to  have  lost  their  lives  from  it,  being  picked  up  dead  in  the 
mine.  New-comers  suffered  more  than  the  old  hands.  There 
was  also  the  danger  of  falling  into  scalding  water ;  men  fell 
accidentally  into  pools  of  water  at  a  temperature  of  157''  or  158% 
and  perished  in  great  suffering  from  their  skin  peeling  off. 

In  some  cases  the  effect  of  the  hot  air  on  the  men  is  said  u> 
have  been  beneficial,  acting  like  a  succession  of  Turkish  baths. 
When  the  heat  on  the  Comstock  lode  first  became  intense,  the 
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miners  suffered  from  pneumonia  and  rheumatism,  because  they 
went  out  at  once  into  the  cold  and  freezing  atmosphere  at  the 
top  of  the  shaft,  although  only  a  few  minutes  before  they  had 
been  in  the  heated  atmosphere  of  the  lower  levels.  Such  sudden 
changes  of  temperature  were  naturally  injurious ;  and  experi- 
ence soon  taught  the  men  and  the  managers  that  risks  of  this 
kind  could  not  be  run  with  impunity.  Good  rooms  were  erected 
at  the  tops  of  the  shafts,  in  which  the  men  could  change  their 
clothes,  and  some  were  provided  with  baths.  These  precautions 
soon  brought  about  an  improvement  in  the  general  health  of  the 
men. 

Among  the  professional  diseases  of  the  miner  must  also  be 
reckoned  ankylostomiasis,  which  has  become  a  formidable 
malady  among  the  Continental  colliers.  It  is  also  very  pre- 
valent in  some  of  the  sulphur  mines  of  Sicily.  The  existence 
of  the  parasitic  worm  among  the  miners  had  been  detected 
as  long  ago  as  1 884  ;  but  lately  the  disease  has  developed  to  an 
alarming  extent,  and  five  deaths  have  been  ascribed  to  it 
recently.  Ankylostomiasis  is  known  to  exist  among  persons 
employed  at  brickworks  and  metalliferous  mines  in  other  parts 
of  the  Continent,  and  in  1902  it  was  recognised  by  Dr.  Haldane 
among  workmen  at  Dolcoath  tin  mine  in  Cornwall. 

The  disease  is  caused  by  a  small  thread-like  parasitic  worm 
which  hooks  itself  on  to  the  mucous  membrane  of  the  intestines 
of  the  person  who  happens  to  harbour  it,  and  so  affects  the 
system  that  extreme  anaemia  supervenes,  and  even  death.  The 
male  worm  is  white  in  colour,  and  only  J  to  f  inch  (6  to  10  mm.) 
long,  and  the  female  is  grey  or  brown,  |  inch  (18  mm.)  in 
length.  As  many  as  3000  of  these  terrible  parasites  have  been 
found  in  one  person.  The  eggs  laid  by  the  female  cannot 
germinate  in  the  body  of  the  person  infected ;  but  they 
pass  out  with  the  faeces,  and  are  ready  to  develop  if  they 
meet  with  the  three  necessary  condition  of  dampness,  darkness, 
and  warmth  (77**  to  86*  F.,  25"  to  30"  C).  The  larvae  may  then 
easily  find  their  way  into  the  body  of  any  workman  who  happens 
to  touch  his  mouth  after  having  dirtied  his  hands  with  mud  or 
water  in  the  mine. 

The  best  means  of  combating  the  evil  may  be  summed  up 
briefly  as  follows  :  destruction  of  the  old  sources  of  contagion  in 
the  mine ;  prevention  of  the  birth  of  new  ones ;  cleanliness 
among  the  workmen. 

More  in  detail,  the  recommendations  of  competent  authorities 
are  these  : — 

(a)  Clean  the  mine  from  all  human  faecal  matter,  horse  dung, 
stagnant  water,  and  mud  ;  if  the  timbering  is  damp,  cover  it 
with  limewash. 

(b)  Examine  the  faeces  of  every  workman  microscopically  for 
eggs  of  the  parasite  ;  dose  the  sufferers  with  ethereal  extract  of 


728  ORE  AND  STONE  MINING. 

male  fern,  or  with  thymol,  which  should  be  given  every  two  faoar^ 
until  four  doses  have  been  taken;  and  prohibit  every  one  of 
them  from  going  underground  until  his  dejections  are  entirelv 
free  from  eggs. 

(c)  Explain  the  nature  of  the  malady,  its  symptoms,  dangers, 
and  means  of  prevention  to  the  workmen  by  leaflets,  by  placards, 
and  by  lectures  to  the  foremen,  and  to  the  more  intelligent  of 
the  pit*s  crew. 

{(l)  Erect  proper  water-  or  earth-closets  at  the  surface  for  the 
workmen,  keep  them  clean,  and  cause  the  men  to  use  them  as  far 
as  possible.  Portable  pails  should  be  provided  below  ground  for 
cases  of  urgent  necessity.  The  fa^ses  deposited  in  them  should 
be  rendered  harmless  by  suitable  disinfectants  and  brought  to 
the  surface. 

(e)  Especially  impress  upon  the  workmen  that,  as  the  parasite 
is  taken  in  through  the  mouth  or  nose,  they  must  not  drink 
mine  water,  or  touch  their  mouth,  nose,  or  their  food  with 
dirty  fingers  in  the  mine.  Any  food  they  eat  should  be  held  in 
paper,  or  in  a  linen  bag.  Tobacco  for  chewing  should  not 
be  touched  with  the  fingers.  The  ring  of  the  safety  lamp 
should  never  be  held  between  the  teeth. 

(f)  Provide  ample  means  for  washing;  tepid  shower  bath> 
should  take  the  place  of  the  big  tanks  used  for  promiscaous 
bathing. 

In  ordinary  mining  operations  men  are  rarely  subjected  to  a 
pressure  considerably  above  that  of  the  surrounding  atmosphere ; 
but  as  work  in  compressed  air  is  occasionally  necessary,  it  is 
well  that  its  danger  to  health  should  be  borne  in  mind.  Men 
who  are  employed  in  making  foundations  for  bridges  or  in 
driving  tunnels  where  compressed  air  is  used  as  a  means  of 
keeping  out  water,  suffer  at  times  from  paralysis  and  inten<^ 
pain  in  the  back.  These  effects  of  the  confinement  seem  to  be 
mainly  felt  on  coming  out  into  a  less  dense  atmosphere,  anil 
may  be  lessened  by  prolonging  the  stay  in  the  air-lock,  and  so 
causing  the  diminution  of  pressure  to  be  felt  gradually. 

Though  the  employment  in  itself  may  be  healthy  enough, 
mining  may  have  to  be  carried  on  in  districts  with  dangers  of  their 
own,  such  as  malarial  fever.     It  may  be  well  to  point  out  t^t 
mere  altitude  carries  with  it  a  risk  to  persons  whose  hearts  are 
not  thoroughly  sound.     Even  at  an  altitude  of  5000  to  6000 
feet,  such  as  one  finds  at  Johannesburg,  some  persons  suffer : 
and  when  one  comes  to  deal  with  mines  in  the  Rocky  Mountain^ 
at  altitudes  of  10,000  feet  or  more,  and  in  the  Andes  where 
mining  is  carried  on  at  altitudes  of  14,000  and   15,000  feet, 
the  danger  to  the  weak-hearted  must  be  taken   into    serious 
consideration. 

In  studying  the  diseases  of   an  industrial   population,    care 
must  be  taken  to  distinguish  between  those  which   are  trulv 
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occupational  and  those  which  are  not  necessarily  so.  Thus  the 
Festiniog  slate  miners,  as  a  class,  are  said  to  suffer  from 
indigestion  and  pneumonia.  The  former  illness  is,  however, 
largely  due  to  drinking  badly  brewed  tea,  while  the  latter  is 
caused  by  sitting  in  damp  clothes  while  travelling  home  by 
train. 

5.  THRIFT. — Remarks  upon  the  condition  of  the  miner 
would  be  incomplete  without  some  mention  of  the  following 
subjects  : — (i)  Provision  against  loss  of  pay  from  sickness, 
accidents,  strikes,  and  old  age ;  (2)  Obtaining  medical  attend- 
ance at  a  small  cost ;  (3)  Procuring  supplies  of  food  and  clothing 
upon  the  most  reasonable  terms. 

Provident  societies  are  no  new  thing  for  the  miner.  They 
date  back  in  Saxony  to  the  fifteenth  century,  and  are  as  old  as 
mining  itself.  In  Great  Britain  three  systems  are  in  vc^ue : 
clubs  for  individual  mines,  general  relief  societies  for  large 
districts,  and,  lastly,  the  ordinary  friendly  societies  not  con- 
fined to  miners,  which  are  resorted  to  by  all  classes  of 
workmen. 

In  Cornwall  and  Devon,  and  in  many  parts  of  Wales,  there  is 
a  club  for  each  mine,  and  the  men  agree  to  a  deduction  being 
made  from  their  wages  every  month  for  *'  doctor  and  club.''  At 
many  mines  the  monthly  deduction  for  the  doctor  is  either  six- 
pence, or  one  shilling,  according  as  he  attends  the  miner  only,  or 
his  family  also.  Under  the  provisions  of  the  Stannaries  Abt, 
1887,  some  of  the  old  grievances  of  the  Cornishmen  have  been 
made  to  disappear.  EEu;h  man  has  a  right  to  choose  his  own 
doctor,  to  whom  the  amount  deducted  from  his  wages  is  paid. 
If  a  surgeon  renders  himself  unpopular  by  not  attending  to  a 
case  with  sufficient  care,  the  men  do  not  select  him  another  time, 
and  his  pay  and  reputation  suffer.  This  check  upon  the  doctors 
seems  to  be  a  sufficient  guarantee  of  the  system  working 
smoothly,  and  to  the  satisfaction  of  the  men. 

The  usual  deduction  for  **  club  ''  is  6d.,  and  in  a  few  cases  9d. 
per  man  per  month  ;  the  usual  *'  hurt  pay  "  for  disablement  is 
IS.  per  day.  In  the  event  of  a  fatal  accident  the  funeral 
expenses  are  borne  by  the  mine,  and  sometimes  the  sum  of  ;^io 
is  given  to  the  widow  or  dependent  relatives,  or  a  levy  of  is.  per 
man  is  made  for  their  benefit. 

The  great  faults  of  this  system  are :  First,  the  want  of  some 
provision  for  widows,  orphans,  or  dependent  relatives  of  persons 
killed  by  accidents ;  secondly,  the  fact  that  a  man  loses  his 
'*  hurt  pay  "  and  is  probably  thrown  on  the  parish  if  the  mine  in 
which  he  had  been  working  is  stopped  ;  thirdly,  the  want  of  any 
provision  for  ordinary  sickness. 

Far  better  than  the  clubs  of  individual  miners  are  the  perma- 
nent relief  societies,  of  which  British  miners  have  reason  to  be 
proud.     There  are  now  nine  of  these  societies  in  different  parts 
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of  England  and  Wales,  and  there  is  also  a  central  society  for 
promoting  and  watching  over  their  interests  and  extending  their 
work  to  new  districts.  Though  started  for  colliers,  these 
societies  include  many  ironstone  miners  and  some  lead  miners 
and  slate  quarriers  among  their  members. 

The  exact  nature  of  one  of  these  societies  will  be  best  appre- 
ciated by  examining  the  rules  of  the  largest,  which  has  done, 
and  is  still  doing,  much  excellent  work  in  the  north  of  England. 
As  it  includes  the  Cleveland  ironstone  district,  it  is  specially 
adapted  for  the  purpose.  Its  objects  are  very  clearly  defined 
thus : — 

''The  objects  of  this  Society  are  the  raising  of  funds  by 
voluntary  subscriptions  amongst  the  members  d^ereof,  and  by 
donations  from  others  to  make  provision  in  case  of  fatal  and 
non-fatal  accidents  as  follows  : — 

**  (a)  A  sum  at  the  death  of  a  member. 

*'  (6)  A  weekly  allowance  to  the  widow  and  children  of  married 

members. 
*'(<:)  A  weekly  allowance  to   members  who  suffer  from  non-fatal 

accidents. 
**  (d)  An  allowance  to  the  parent,  sister,  or  brother  of  a   deceased 

member  daring  sickness  or  any  other  infirmity. 
**  (e)  Also  to  make  a  provision  for  miners  over  60  years  of  age  who  arc 

permanently  unfit  to  work,  the  allowance  to  be  paid  to  be 

in  accordance  with  the  contributions  received." 

The  weekly  contribution  of  each  member  is  4d.,and  of  a  half- 
member — i.e.  a  boy  under  18 — only  2d.  Three-eighths  of  these 
sums  are  devoted  to  the  superannuation  fund. 

The  benefits  are  in  the  case  of — 

1.  Non-fatal  accidents. 

2.  Fatal  accidents. 

3.  Old  age. 

If  a  member  is  disabled  by  an  accident  for  more  than  a  week, 
but  not  less,  he  receives  the  sum  of  5  s.  a  week,  or  lod.  per 
working  day,  and  a  half-member  2s.  6d.  per  week,  or  5d.  per 
day.  The  payments  go  on  in  this  way  for  twenty-six  weeks, 
when,  if  the  person  is  still  disabled,  he  becomes  entitled  to  the 
higher  relief  of  8s.  per  week,  or  4s.  if  he  is  a  half-member, 
so  long  as  he  is  unable  to  work  from  the  effects  of  the 
accident. 

In  the  case  of  a  death  by  accident,  the  widow  of  a  mLarried 
member  receives  a  legacy  of  ^^5,  the  relatives  of  an  unmarried 
member  receive  £2^^  and  those  of  a  half-member  ;£^I2.  The 
widow  also  draws  5s.  a  week  from  the  funds  for  the  re^st  of  her 
life,  so  long  as  she  remains  unmarried,  and  2s.  a  week  for  each 
child,  until  the  boys  are  thirteen  and  the  girls  fourteen  years  of 
age. 

Aged  and  infirm  members  over  sixty  years  of  age  who  are 
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certified  medically  to  be  unfit  to  follow  their  employment  receive 
4a  per  week ;  but  the  amount  of  the  pension  may  be  reduced  if 
the  funds  at  any  time  are  insufficient  to  keep  up  the  present 
allowance. 

From  the  Reports  of  Inspectors  of  Mines,  it  is  evident  that  a 
large  proportion  of  the  victims  of  fatalities  were  insured,  and 
that  their  families  or  dependent  relatives  received  some  form  of 
relief. 

Enough  has  been  said  to  show  the  present  state  of  the 
voluntary  system  of  relief  as  it  now  exists  in  England  and 
Wales ;  much  of  the  distress  caused  by  mining  accidents  is 
relieved  by  the  nine  principal  societies,  and,  in  addition, 
there  are  numerous  smaller  societies  established  for  indi- 
vidual mines,  having  in  the  main  the  same  objects  as  the 
larger  ones. 

Something  more  is  needed — viz.,  relief  in  sickness,  and  old 
age  pensions  for  all.  Some  of  the  existing  clubs  of  individual 
mines  give  sick  pay  to  their  members,  and  there  are  the 
ordinary  Friendly  Societies  established  on  a  far  firmer  basis, 
which  can  be  resorted  to  by  the  miner  like  any  other  work- 
man. As  far  therefore  as  sickness  is  concerned,  there  is 
machinery  available  by  which  the  miner  in  any  part  of  the 
kingdom  can  make  the  necessary  provision  for  himself  and  his 
family. 

If  he  requires  a  pension,  he  can  get  one  upon  the  very  best 
security  by  going  to  the  nearest  Post  Office.  A  young  man  of 
twenty  can  obtain  a  deferred  annuity  of  5s.  a  week,  commencing 
at  the  age  of  sixty,  by  paying  ;^2,  3s.  4d.  a  year,  or  lod.  a 
week.  If  the  person  wishes  to  discontinue  his  insui^ance,  he 
can  do  so,  and  all  the  money  he  has  paid  will  be  returned 
to  him,  provided  that  an  instalment  of  the  annuity  has  not 
become  due.  However,  as  the  facilities  afforded  by  the  Post 
Office  have  not  been  utilised  to  any  great  extent,  compared  with 
the  numbers  of  the  working  classes,  and  as  a  large  number  of 
persons  spend  the  last  years  of  their  lives  and  end  their  days  as 
paupers  in  the  workhouse,  it  is  thought  by  most  people  that 
something  more  should  be  done.  Great  difference  of  opinion 
exists  upon  the  subject ;  much  has  been  written,  and  still  more 
said,  during  the  last  few  years,  and  the  controversy  has  raged 
mainly  upon  the  question  of  State  aid.  The  proposals  may 
be  summed  up  as  involving  one  of  the  three  following 
principles : — 

1.  State  endowmenr. 

2.  State  assistance. 

3.  State  compulsioD. 

Many  arguments  may  be  adduced  in  favour  of  each  of  the 
three  principles  of  old  age  pensions,  but  opinions  concerning 
them  must  largely  depend  upon  the  '*  personal  equation ''  of  the 
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individual — that  is  to  say,  upon  his  general  views  regarding 
the  interference  of  the  State  in  such  matters. 

The  Gordian  knot  of  this  difficult  question  has  been  cut  in 
Germany  by  the  Law  of  Insurance  against  Old  Age  and  In- 
firmity passed  in  1889.  Under  this  law  the  means  for  pro- 
viding the  allowances  to  infirm  and  aged  persons  are  made  up  of 
contributions  from  the  State,  -the  employers  and  the  persons 
insured,  the  two  latter  paying  like  amounts. 

The  method  of  insuiunce  may  be  briefly  described  as  that  of 
State  compulsion  with  State  aid,  together  with  obligatory  con- 
tributions from  the  employer.  This  bold  experiment  will  be 
watched  with  interest. 

This  subject  of  thrift  must  not  be  concluded  without  a  few 
words  about  one  requisite  for  the  treatment  of  diseases — viz., 
hospitals.  In  Great  Britain  the  provision  of  such  institutions 
is  frequently  left  to  private  benevolence;  in  the  gr«it  tm 
mining  centre  of  Redruth,  for  instance,  the  burden  of  ensuring 
accommodation  for  the  sick  and  injured  has  been  taken  by  a 
charitable  owner  of  mineral  property. 

The  Oakely  Hospital  at  Blaenau  Festiniog,  which  ministers  to 
the  ills  of  some  of  the  quarrymen,  was  built  by  the  landowner, 
and  is  now  supported  by  the  largest  slate  mine. 

Many  of  the  large  Continental  mines  keep  up  establishments 
of  this  kind,  and  throw  them  open  gratis  to  their  employes. 
The  same  plan  is  adopted  by  some  of  the  large  British  com- 
panies working  mines  abroad,  and  even  at  Boryslaw,  where 
much  of  the  mining  is  carried  on  in  a  primitive  manner,  a  Gali- 
cian  company  supports  a  small  hospital,  and  admits  not  only 
its  own  servants  but  also  any  urgent  cases  requiring  surgical 
or  medical  attendance. 

Fortunately,  it  often  happens  that  a  mine  has  not  accidents 
enough  to  require  the  constant  use  of  a  hospital  and  the  entire 
services  of  a  surgeon.  This  is  the  case,  for  instance,  at  some 
large  mines  near  Ems  ;  the  company  has  built  a  hospital  and 
keeps  it  in  readiness,  in  case  of  accidents  or  sickness,  with  a 
doctor  on  the  premises ;  but,  in  consideration  of  his  small 
stipend,  he  is  allowed  to  have  three  rooms  at  his  disposal  in 
which  he  can  treat  private  patients.  In  the  United  States  sick 
and  injured  miners  sometimes  go  to  private  hospitals,  which  are 
managed  by  medical  men. 

Before  complete  recovery  from  an  illness  or  the  effects  of  an 
accident,  a  man  passes  through  a  period  of  convalescence,  daring 
which  he  requires  little  medical  aid,  but  depends  for  his  final 
restoration  to  health  mainly  upon  good  food,  quiet  and  regular 
living,  and  plenty  of  fresh  air.  It  is  a  question  in  some  mining 
districts  whether  it  is  better  to  support  a  convalescent  home  in 
the  locality  itself,  or  to  subscribe  to  one  at  a  distance.  The 
latter  plan  is  in  many  cases  cheaper,  owing  to  the  smaller  co^t 
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for  general  expenses  ;  and  at  the  same  time  it  is  better  for  the 
patient,  who  profits  by  the  change  of  air  and  scene,  which  in 
themselves  are  powerful  remedial  agents.  In  a  small  island  like 
Great  Britain  it  is  not  difficult  as  a  rule  for  the  patient 
to  get  to  the  sea  coast  without  a  ruinous  expenditure  of 
money  in  railway  fares.  At  some  of  the  seaside  con- 
valescent homes  a  miner  may  be  boarded  and  lodged  for 
three  weeks  at  a  total  cost  of  j^j,  i6s.  ;  therefore  if  a 
mine  is  employing  500  men,  and  each  man  subscribes  ^d.  per 
month  of  four  weeks,  more  than  £1^  can  be  raised  annually, 
or  sufficient  to  give  seven  invalids  a  stay  of  three  weeks  each 
at  the  sea. 

In  writing  upon  the  question  of  thrift,  mention  must  be  made 
of  co-operative  societies,  which  give  the  workman  the  oppor- 
t.unity  of  buying  his  food  and  clothing  at  the  most  reasonable 
rates.  They  are  so  well  known  nowadays  that  no  description  of 
their  advantages  is  required ;  but  it  is  well  to  point  out  that 
their  success  does  not  necessarily  depend  upon  their  having  a 
very  large  number  of  customers,  such  as  could  only  be  expected 
in  a  very  populous  district.  Two  instances  of  co-operative 
societies  in  the  Isle  of  Man  prove  this  fact,  and  show  that  such 
an  institution  may  prosper  commercially,  and  do  good  and  useful 
work  in  a  mere  village  depending  upon  a  mine  employing  only 
200  or  300  persons  underground. 

6.  BEGBEATION. — The  philanthropic  employer  will  not  rest 
content  even  if  he  has  provided  cottages,  hospitals,  schools,  and 
churches.  Men  and  boys  require  diversions  of  some  kind  in 
order  to  refresh  their  bodies  after  toil,  and  the  manager  of  a 
large  mine  often  has  the  oppoitunity  of  directing  their  amuse- 
ments into  the  best  channels.  Tastes  differ :  some  men  will 
find  relaxation  in  reading,  and  will  be  glad  to  be  able  to  borrow 
books  from  a  library ;  others  are  musicfil,  and  will  prefer  to 
join  a  band ;  boys,  in  spite  of  hard  bodily  work  at  the  mine, 
will  delight  in  active  games  as  soon  as  they  are  free.  As  an 
example  of  what  may  be  done  the  names  of  the  clubs  established 
at  the  collieries  of  the  Douchy  Company  in  the  north  of  France 
as  recreative  institutions  may  be  cited  :  Archers,  crossbowmen, 
gymnasts,  philharmonic,  and  pigeon  fanciers.  It  will  be  seen 
from  this  list  that  a  great  mnny  different  tastes  have  been 
studied  in  order  to  encourage  the  men  to  employ  their  spare 
time  in  a  wholesome  manner  instead  of  going  to  pot-houses, 
to  the  injury  of  their  purses,  if  not  to  the  detriment  of  their 
health. 

An  example  in  Great  Britain  may  be  taken  from  extensive 
collieries  in  Derbyshire  and  Nottinghamshire,  where  the  owner 
has  established  workmen's  clubs,  cricket  club,  football  club, 
pig  club,  a  band,  and  an  annual  flower  show  for  the  benefit  of 
his  men. 
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CHAPTER    XVI. 

ACCIDENTS. 

Few  persons  will  deny  the  dangers  of  the  miner's  calling ;  some, 
however,  consider  that  the  public  form  an  exaggerated  idea  of 
tliese  perils  from  dwelling  too  much  upon  occasional  colliery 
explosions. 

Death-rate  of  Miners  from  Accidenta — In  the  first  place 
comes  the  question :  What  is  a  dangerous  trade  ?  If  we  look  at 
the  vital  statistics  quoted  from  Dr.  Ogle  in  the  last  chapter,  it 
appears  that  the  majority  of  miners,  thanks,  partly,  to  their 
starting  originally  with  a  more  than  average  good  constitution, 
lead  a  longer  life  than  many  tradesmen  in  towns.  In  spite  of 
the  diseases  and  accidents  to  which  he  is  liable,  the  average 
miner  is  better  off  than  most  people  would  have  supposed,  before 
they  became  acquainted  with  the  figures.  On  the  other  hand, 
if  we  limit  our  attention  to  accidents,  we  find  that  the  miner 
gets  far  more  than  his  share. 

It  may  be  asserted  without  fear  of  contradiction  that  a  call- 
ing with  an  annual  mortality  of  i  per  looo  from  accidents  is 
hazardous.  We  learn  from  official  statistics  that  the  annual 
death-rate  from  accidents  in  and  about  the  mines  of  the  United 
Kingdom,  including  surface  as  well  as  underground  casualties, 
was  4*3  per  looo  employed  in  the  quinquennial  period  1 851  to 
1855  ;  twenty-five  years  later,  t.e.  from  1876  to  1880,  it  was  2'3, 
and  in  the  last  five  years  of  the  century  the  mortality  rate  fell 
to  I  "3  per  1000.  The  average  for  the  fifty  years  1 851  to  1900 
was  2*25  deaths  annually  per  1000  persons  employed. 

In  Great  Britain  an  accident  is  classed  as  fatal  if  it  causes 
the  death  of  the  injured  person  within  a  year  and  a  day  of  the 
date  of  the  occurrence ;  it  is  therefore  possible  that  in  certain 
very  rare  cases,  when  more  than  a  year  elapses  before  a  man 
succumbs  to  his  hurts,  an  accident  may  be  registered  as  non- 
fatal, although  it  finally  turns  out  to  be  fatal.  Cases  of  this 
kind  are  so  few  that  the  correctness  of  the  British  statistics 
cannot  be  appreciably  affected  by  them. 

In  an  interesting  report  upon  the  Exhibition  held  in  Berlin  in 
1889  of  appliances  for  the  prevention  of  accidents,  Mr.  Paul 
Habets  gives  a  careful  summary  of  the  progress  realised  in 
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Belgium,  France,  Qreat  Britain,  and  Prussia.     He  divides  hi> 
results  into  periods  of  ten  years : — 

Table  I. 
Annual  Death-rale  from  Ac4^id^nts  per  looo  Persons  Emphy^K 

Period.  Belgium.      '       France.  Great  BriUin. 


1 85 1  to  i860  2*97  I        3-40*  4*07  I       4'9i+ 

1861  to  1870  2*6o  2*96  3-32  I       633 

1871  to  1880  2*45  2*21  2*35  I       4"90 

1880  to  1888  213  I         1*57  194  I       2*96 

I  '  '_  _    

*  1853  to  i86(x  t  iBsa  to  i860. 

These  figures  show  a  steady  diminution  in  the  number  of 
accidents  excepting  in  Germany,  for  in  the  decade  of  1861  to 
1870  the  mortality  was  terrible;  but  even  the  most  favourable 
averages  are  far  above  the  standard  of  i  per  1 000,  which  has 
been  assumed  as  the  mortality  ratio  of  a  dangerous  occupation 

In  America  the  death-rate  is  higher  than  in  EuroppiD 
countries,  and  the  steady  diminution  is  not  apparent. 

Mr.  F.  L.  Hoffman,  in  reviewing  the  fatal  accidents  ic 
American  collieries,  showed  the  gradual  increase  in  the  fatolity 
rate  per  1000  employed  from  2*53  in  1893  to  3 '51  in  1902.  Ht 
comptires  the  mining  results  with  the  fatal  accidents  in  0^^ 
industries.  Railway  brakesmen  have  the  highest  fatal  accident 
figure — namely,  15 '8  per  1000.  The  Gloucester  fishennec 
follow  with  13*2,  gunpowder  makers  with  10*5,  railway  emplop 
7*2  to  6*1,  dynamite  makers  67.  The  fatal  accident  rat*  \^^ 
1000  for  the  various  branches  of  mining  was  as  follows:— 

Anthracite  coal  miners 5^ 

Bituminous  mine  labourers  ...                  .        .  47 

Anthracite  mine  labourers 4*^ 

Metal  miners,  Missouri 3'3 

Metal  miners,  Colorado 3*^ 

Copper  miners,  Montana                28 

Anthracite  firemen 2'5 

Bituminous  coal  miners .2*2 

Relative  Accident  Mortality  amongst  Underground  ^^ 
Above-ground  Workers.— Descending  into  details,  let  us  exa- 
mine how  the  two  classes  of  mines — viz.  those  under  the  Ctial 
and  those  under  the  Metalliferous  Act — compare  with  oii** 
another.  The  figures  will  be  made  most  plain  by  putting  thew 
in  a  tabular  form. 

According  to  the  following  figures,  work  in  mines  under  the  Cofl- 
Mines  Act  is  on  the  average  more  perilous  than  work  at  mm'*^ 
under  the  Metalliferous  Act.  Speaking  roughly,  the  relative 
degrees  of  danger  appear  to  have  been  as  n  to  8  in  the  fir^t 


ACCIDENTS. 


737 


period  and  9  to  7  in  the  second,  whereas  in  the  third  period 
the  death-rate  at  mines  under  the  Metalliferous  Act  was  only 
slightly  helow  that  of  the  mines  under  the  Coal  Mines  Act. 

Table  II. 


pSSS  ESSl^ved'        ToUl  Number  of 

Average  Annual  Death- 

Period; 

Under  Gronnd 

and  Above  OroUnd 

Annually. 

LiTes  Lost  by 

Accidents  In  the 

Period. 

rate  from  Accidenta 

per  1000  Persons 

Employed. 

Mines  classed  nnder  the  Goal  Mines  Regulation  Act. 

1873  to  1882 

503,428 

11.294 

2*243 

1883  to  1892 

57IJI9 

10,327 

r8o6 

1893  to  1902 

732,391 

10,145 

1-385 

1903    •    •    • 

842,066 

1072 

1*27 

1904    .    .    . 

847.553 

1055 

1*24 

Mines  classed  ander  the  Metalliferous  Mines  Regulation  Act. 

1873  ^  1^2 

55.388 

909 

1*621 

1883  to  1902 

42481 

612 

1*440 

1893  ^0  1902 

33.669 

440 

I '307 

1903    ..     . 

29,823 

25 

0*84 

1904    .     .     . 

29,504                          35         1 

1*19 

In  order  to  make  the  comparison  of  any  real  value,  it  is 
necessary  to  go  somewhat  further.  Owing  to  the  amount  of 
labour  required  for  **  dressing,"  the  proportion  of  surface-hands 
is  much  larger  at  a  tin,  copper,  lead,  or  slate  mine  than  at  a 
colliery.  In  round  numbers,  about  one-fifth  of  the  persons 
employed  at  mines  under  the  Goal  Mines  Regulation  Act  work 
above  ground,  and  four-fifths  under  ground ;  at  mines  under  the 
Metalliferous  Mines  Act  the  proportions  are  two-fifths  above 
ground,  and  three-fifths  under  ground.  Oonsequently,  as  the 
proportion  of  the  surface  hands  with  a  small  risk  is  twice  as 
great  in  one  case  as  in  the  other,  it  is  impossible  properly  to 
compare  the  risks  of  the  underground  workers  until  this  source 
of  error  (has  been  eliminated.  The  death-rates  calculated 
separately  per  1000  persons  employed  are  as  follows : — 


Table  III. 

Period. 

Below  Oronnd. 

Above  Ground. 

Coal  Mines 
Act 

2*572 
2XX)9 

1521 

1-35 
I '34 

Metalliferous 
Mines  Act. 

Coal  Mines 
Act 

Metalliferous 
Mines  Act 

0578 
0*392 
0382 

0*33 
o*57 

1873  to  1882  .     . 
1883  to  1892  .     . 
1893  to  1902  .     . 

1903  .... 

1904  .... 

2-348 
2*145 

1*957 

I'20 
1*62 

0*919 
0959 
0*831 

0*94 
085 

3A 
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In  the  first  period  the  relative  amounts  of  danger  to  under- 
ground workers  were  51  to  47,  a  very  different  proportion  from 
1 1  to  8  as  appeared  from  the  other  table ;  in  the  second  perioi 
the  mines  under  the  Goal  Mines  Act  have  the  advantage,  vbiob 
is  still  more  marked  in  the  third  period,  whereas  by  the  original 
table  they  seem  to  be  more  dangerous  than  those  under  the 
Metalliferous  Mines  Act. 

The  necessity  for  considering  the  underground  death-rate 
sepai-ately  when  inquiring  into  the  relative  amounts  of  danger 
at  different  classes  of  mines  is  well  illustrated  in  the  case  of  the 
underground  slate  quarries  of  North  Wales.  These  appear  to 
be  less  dangerous  than  collieries,  or  more  dangerous,  acoonlinir  . 
as  the  surface  hands  are  included  or  not  in  the  calculations. 
Taking  the  ten  years  1875  to  1884,  the  annual  death-rate  from 
accidents  at  the  underground  slate  quarries  was  2*07  per  1000 
among  all  the  workers  as  a  whole,  and  3*2  per  1000  among  the 
und  erground  workers  taken  separately.  The  former  rate  is  better 
than  the  corresponding  2*243  (Table  II.)  of  mines  under  the 
Coal  Mines  Act,  and  the  latter  is  worse  than  2*572  (Table  IIIK 
Consequently  the  average  underground  slate-quarrier  Iwus  a  more 
perilous  calling  than  the  average  collier. 

While  correcting  one  misapprehension,  it  is  necessary  to  g^^rii 
against  another,  and  to  point  out  that  the  Coal  Mines  BegiiH- 
tion  Act  applies  to  mines  of  coal,  stmtified  ironstone,  shale,  antl 
fireclay.    Therefore  the  figures  given  do  not  refer  solely  to  cwl- 
mines,  and  do  not  represent  precisely  the  risks  of  the  collier. 
and  it  becomes  necessary  to  examine  whether  the  introdoctiuii 
of  certain  disturbing  elements  affects  the  average  risk  to  anj 
great  extent  or  not.     Compared  with  coal,  the  amounts  of  fire- 
clay, ironstone,  and  shale  are  small,  and  the  total  quantitvof 
these  minerals  raised  in  1893  was  less  than  6  per  cent  of  tl)e 
weight  of  the  coal ;   any  erix)r  caused  by  the  introduction  ci 
ironstone  and  other  mines  is  likely  therefore  to  be  inconsi<ier- 
able.     After  coal,  the  most  important  mineral  wrought  un'ier 
the  Coal  Mines  Act  is  ironstone,  and  more  than  half  the  totAl 
quantity  raised  is  obtjiined  in  the  Cleveland  district.     From  th'* 
figures  given  in  the  reports  of  the  inspectors  of  mines,  it  will 
be  seen  that  from  1873  ^  ^^^2  there  were  183  deaths  froi^ 
accidents  underground  in  the  Cleveland  district,  with  an  aven^i'^ 
annual  underground  staff  of  6863    persons,  consequently  the 
average  death-rate  was  2*66  per  1000  ;  in  the  following  decennul 
period  it  was  2*21  per  looc*    Both  these  proportions  are  high»'r 
than  the  corresponding  ratios  calculated  for  the  whole  of  ih^ 
mines  under  the  Coal  Mines  Act ;   therefore  if  all  disturbing 

*  From  1873  to  1883  the  published  statistics  refer  to  the  whole  of  tV- 
North  Riding:  of  Yorkshire,  where  a  little  coal  is  worked,  but  not  in  sutJ"- 
cient  quantity  to  affect  the  ratios  perceptibly ;  since  1883  t'hc  Clevelnr.l 
figures  have  been  kept  entirely  separate. 
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Table  IV. 


Kind  of  Accident. 

1 

All  the 
Mines  in  the 
United  King- 
dom under 
the  Coal     ' 
Mines  Regu- 
lation Act. 

All  the 
Mines  in  the 
United  King- 
dom under 
the  Metal- 
liferous Mines 
Regulation 
Act 

stratified 

Ironstone 

Mines  of  the 

Cleveland 

District. 

Tin,  Copper, 
Ac,  Mines  of 
Cornwall, 
Devon,  Dor- 
set, and 
part  of 
Somerset 

111 

^>4 

fto 

1,^ 

HI 

II 

Ill 

m 
PI 

II 

^-1 

PI 

P4 

Ten  Years— 1873  to  1882  inclusive. 


.  /Explosions       of 

I 

^'g  1     fire-damp 

2629 

23-3 

« ■  • 

1 
•  •  • 

4 

2'0| 

« •  • 

« « ■ 

1  g  <  Falls  of  ground 

4534 

40*1 

313 

34*4 

92 

447' 

8s 

255 

QQ  g;)  1  In  shafts    . 

1303 

"•5 

241 

265 

12 

5-8j 

107 

32-0 

I  MiscellaneoQs    . 

1907 

170 

227 

25*0 

75 

36-4 

88 

26-3 

Above  ground    . 

921 

81 
100 

128 

14-1 

23 

III 
100  1 

1 

ii 

54 

1 6*2 

Totals  . 

1 1249 

909 

100 

206 

334 

100 

Ten  Years— 1883  to  1892  inclusive. 


i  Explosions       of 
fire-damp 
Falls  of  ground 
In  shafts    . 
Miscellaneous 
Above  ground 


Totals  . 


1469 

14*2 

4602 

446 

878 

8-5 

2316 

22'4 

1062 

10-3 
ICO 

10327 

6 

238 
132 
169 

67 


612 


ro 

38-9 
21-6 

276 

iO'9 


100 


•  •  • 

83 

•  •  • 

63-4 

•  •  ■ 

45 

21-8 

2 

>S 

76 

369 

32 

24-4 

61 

29'D 

14 

107 
100 

24 

117 

»3i 

206 

too 

Ten  Ybabs— 1893  to  1902  inclusive. 


.  /Explosions       of 
fire-damp 
•g  g  /  Falls  of  ground 
PQ  g,  I  In  shafts    . 
V  Miscellaneous 
Above  ground    . 


Totals  . 


1038 

IO-2 

•  •  • 

•  ■  • 

■  •  t 

•  a  * 

•  •  • 

4481     44*2 

164 

37-3 

66 

57*4 

35 

3i'3 

788      7-8 

87 

19-8 

2 

17I 

29 

259 

2642    26*0 

136 

30'9 

40 

34-8 

38 

33'9 

1196 

11*8 

53 

12.0 
100 

7 

6-1 

1 

100 

10 

8-9 

10145 

100 

440 

"5 

112 

100 
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factors  were  elimiiiated,  we  may  fairly  assume  that  the  aTenge 
under^TTound  deatb-rate  at  the  coal  mines  proper  did  not  excee^i 
the  figures  given  in  Table  III. 

On  the  other  hand,  it  must  be  remembered  that  the  Metalli- 
ferous Mines  R^ulation  Act  applies  to  all  mines  not  included 
under  the  Coal  Mines  Act,  and  the  statistics  under  the  farmer 
Act  refer  not  only  to  mines  worked  for  ores,  bat  also  to  salt- 
mines and  ondergronnd  slate  and  stone  quarries.  The  figures 
quoted  cannot  be  taken  as  relating  solely  to  true  metalliferous 
mines. 

For  the  sake  of  comparison,  the  figures  for  the  metalliferous 
mining  district  of  Cornwall  and  Devon,  including  also  a  few 
mines  in  Somersetshire  and  Dorsetshire,  are  given.  During  tbe 
ten  years  1873  ^  '^^^  there  were  280  deaths  from  aoddeuts 
underground,  with  an  average  underground  staff  of  10,629 
persons.  This  means  an  average  annual  death-rate  among  the 
underground  workers  of  2*63  per  1000.  The  corresponding 
figure  for  the  ten  years  1883  to  1892  was  found  to  have  been 
2*54  per  loco ;  and  2*46  per  1000  for  the  years  1893  to  1899- 

The  conclusions  arrived  at  from  these  statistics  are,  first,  tbt 
the  mines  under  the  Coal  Mines  Emulation  Act  are  not  alwa\i 
more  destructive  of  life  than  the  mines  under  the  Metalliferou.^ 
Mines    Regulation  Act;    and    secondly,   that    certain   mii><^ 
workeil  for  metallic  ores,  such  as  the  iron  mines  of  Torksliir^< 
and  the  tin  and  copper  mines  of  Cornwall  and  Devon,  pre^^i^- 
more  dangers  to   the  underground   worker   than  an  avera^^ 
colliery,  in  spite  of  the  almost  complete  absence  of  explo^ioL^ 
of  gas.     In  other  words,  as  has  been  pointed  out  repeaWl}' 
firedamp  is  not  the  worst  enemy  the  miner  has  to  contend  will  - 
It  is  very  evident  also  that  if  different  classes  of  mines  are  ti^ 
be  compared  as  regards  dangers,  the  figures  must  be  re^trictri 
to  those  working  below  ground ;  and  it  is  to  be  regretted  tk' 
some  of  the  official  reports  concerning  mines  in  other  countrit-^ 
afford  no  means  of  making  the  proper  comparison.    On  tli- 
other  hand,  foreigners  sometimes   complain   that  the  Briti^^ 
statistics   do  not   give   them    the  true  coal-mining  aocide^.t^ 
separately  ;  but  when  the  two  minerals,  coal  and  ironstone,  ar<^ 
being  worked  in  the  same  pit,  and  when  the   preliminary  ac  ' 
exploratory  work  is  common  to  both  minerals,  it  is  impossible 
to  draw  any  strict  line  of  division. 

ClaaBification  of  Aocidenta — In  order  to  obtain  some  genenl 
ideas  concerning  the  kinds  of  accidents  which  occur  at  mines  «( 
must  begin  by  classifying  them.  The  basis  of  such  a  das^itic:^ 
tion  may  be  either  the  place  where  the  accident  happened.  • ' 
the  cause  of  the  occurrence.  Usually  the  classification  is  founie' 
upon  both. 

Following  the  plan  which  wss  adopted  in  the  early  days  d 
mine  inspection  in  this  country,  the  British  classification  Wgu>^ 
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by  separating  the  accidents  which  happened  underground  from 
those  which  took  place  at  the  surface,  and  then  the  underground 
accidents  are  arranged  under  the  four  main  heads  : — 

ExplosioDS  of  fire-damp  or  coal-dast. 
Falls  of  ground. 
In  shafts. 
Miscellaneous. 

The  classification  is  not  strictly  logical,  because  it  to  a  certain 
extent  mixes  up  cause  and  place ;  there  may  be  explosions  of 
fire-damp  or  falls  of  ground  in  shafts,  but  these  would  naturally 
be  placed  under  the  headings  which  most  particularly  describe 
them,  so  that  the  heading  *^  in  shafts  "  does  not  always  include 
every  accident  which  has  happened  there.  However,  the  classi- 
fication has  been  used  so  long,  and  is  so  well  understood,  that  it 
would  be  absurd  to  make  any  great  alteration  now. 

The  relative  importance  of  each  of  these  classes  is  brought 
out  by  Table  IV.  on  page  739,  which  has  been  calculated  for  the 
same  periods  as  the  preceding  ones. 

The  further  subdivision  adopted  in  Great  Britain  for  classify- 
ing is  given  in  the  table  below : — 

Table  V. 
Classification  of  Accidents. 
Explosions  of  Fire-Damp  ob  Coal-Dust. 

FALLS  OF  ground./ ^^"«  «^  ^^f' 

y     ,,    „  side. 
Overwindinp:. 

Ropes  and  chains  breaking. 
Whilst  ascending  or  descending  by 

machinery. 
Falling  into  shafts  from  surface. 
I  Things  falling  from  surface. 

Falling  from  part  way  down. 
Things  falling  from  part  way  down. 
, Miscellaneous  in  shafts. 
'Explosions  of  gunpowder,  &c. 
Suffocation  by  gases. 
By  underground  fires. 
Irruptions  of  water. 
Haulage : 
On  inclined  and  engine  planes. 
Ropes  or  chains  breaking. 
By  trams  and  tubs. 
By  machinery  underground. 
\  Sundries  underground. 
'By  machinery  on  surface. 
Boilers  bursting. 
On  railways  and  tramways. 
Miscellaneous  on  surface. 

EzploBions  of  Fire-Damp  or  Goal-Bust. — With  few  excep- 
tions, fatalities  from  explosions  of  fire-damp  are  confined  to  coal 
mines. 


Underground 


In  Shafts 


Miscellaneous 


On  Surface 
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Falls  of  Ohround. — Table  IV.  indicates  plainly  what  point 
requires  the  special  attention  of  the  mine  owner  in  bL> 
endeavours  to  ward  off  the  dangers  which  threaten  his  work- 
men. By  far  the  largest  proportion  of  fatalities  occur  from  fall> 
of  ground ;  and  the  same  story  is  told  by  the  statistics  of  other 
countries.  Without  attempting  to  refer  to  all  the  information 
which  is  published  on  the  subject,  it  will  suffice  to  say  that  46' 7 
per  cent,  of  the  deaths  at  Prussian  mines  in  1903  are  ascribed 
to  this  cause.  This  cannot  be  a  matter  of  surprise  when  we 
consider  the  conditions  under  which  the  miner  carries  on  hi^ 
labour :  in  the  overhand  stopes  of  an  ore  mine  he  is  constantly 
taking  down  the  roof  above  his  head  ;  in  working  away  a 
stratified  deposit  he  is  continually  pushing  forward  under  a 
fresh  pai*t  of  the  overlying  stratum,  which  may  have  concealed 
and  unsuspected  joints  ;  at  other  times  he  is  engaged  in  remov- 
ing from  the  parent  bed  huge  masses  of  rock  weighing  many 
tons  each  ;  no  wonder,  therefore,  that  he  is  occasionally  caught 
by  a  fall. 

These  accidents  are  best  guarded  against  by  incessant  watch- 
fulness on  the  part  of  the  men  and  masters  by  putting  in  snpporu 
even  when  they  do  not  appear  immediately  necessary,  and  by 
regulations  defining  how  closely  props  shall  be  set.    Testing  the 
ground  by  "  sounding" — i.e.  by  striking  it  with  the  hammer ani 
noticing  the  sound  emitted — often  enables  the  workman  to  detat 
whether  the  rock  is  firm  or  not ;  but  the  indictition  is  not  alw&y? 
trustworthy.     If  the  mass  of  rock    is   large,  it  may  "souud 
all  right,  and  yet  not  be  firmly  attached  as  supposed.    Besidr<. 
ground  which  is  peifectly  firm  and  safe  when  first  laid  hare  b} 
the  miner,  will  often  lose  its  stability  with  the  lapse  of  time. 
Air  and  moisture  penetrating  into  the  minute  concealed  joints 
and  acting  for  months  or  years  have  the  effect  of  graili^U} 
loosening  the  adherence  of  the  rock  masses ;  the  constant  shak- 
ing produced  by  blasting,  to   say  nothing  of   minute  but  eft 
repeated  earth-tremors,  are  all  acting  in  the  same  way,  ai^'^ 
therefore  the  miner  has  no  right  to  conclude  that  places  whiclt 
were  safe  originally  are  going  to  continue  so  for  ever. 

Shaft  AccidentB. — The  principal  dangers  that  beset  the  miner  in 
shafts  are  manifest  from  the  different  headings,  and  many  of  the 
means  of  guarding  against  them  have  already  been  explained  li 
the  chapters  upon  Winding  and  upon  Access  of  Miners.    It  must 
not  be  supposed  that  all  the  accidents  classified  under  the  thir^ 
heading  in  the  British  statistics  occurred  during  the  onlin^n 
times  of  going  up  and  down ;  this  division  also  includes  fatalities 
which  took  place  while  men  were  occupied  in  making  repairs,  or 
were  using  machinery  not  intended  for  the  purpose  of  raisioi 
men.     The  Prussian  official  statistics  contain  a  table  in  whit  n 
these  irregular  ascents  or  descents  are  eliminated,  and  make  it 
possible  to  institute  a  comparison  between  the  relative  degrt^^^ 
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of  safety  of  the  different  methods  of  obtaining  access  to  the 
workings.  Judging  by  the  result  of  the  ten  years  1 891  to  1900, 
the  death-rate  from  accidents  per  1000  persons  was  0*063  ^^^^ 
the  cage,  0*099  with  ladders,  and  0*217  with  the  man-engine; 
this  last  contrivance  is  therefore  far  more  dangerous  than  the 
cage  or  ladders,  although  the  list  of  man-engine  fatalities  was 
not  swollen  by  any  big  catastrophe,  such  as  happened  in  the 
previous  decennial  period.  A  distinction  must  be  made  between 
the  single-rod  and  the  double-rod  machines,  and  the  Prussian 
statistics  include  many  of  the  latter.  It  will  be  readily  under- 
stood that  a  fall  iu  a  naked  shaft  with  few  fixed  platforms  is  far 
more  likely  to  be  fatal  than  a  fall  in  the  shaft  of  a  single-rod 
machine,  which  is  closed  completely  with  the  exception  of  the 
small  manholes  at  intervals  of  1 2  feet.  No  accident  on  a  single- 
rod  man-engine  in  Cornwall,  even  when  a  rod  has  broken  with 
men  on  it,  has  ever  caused  more  than  one  death ;  but  there  are 
two  bad  cases  on  record  with  (louV)le-rod  engines  in  Germany. 

In  the  year  1880  eleven  men  met  with  their  death  at  Abraham 
mine  near  Freiberg  by  being  precipitated  down  the  shaft  when 
one  of  the  rods  broke  while  they  were  "  riding "  upon  it.  It 
appeared  from  the  official  inquiry  that  the  timber  rod  had  become 
rotten,  and  that  it  ought  to  have  been  changed  long  before  the 
accident.  The  other  bad  fatality  was  at  the  Kosenhof  shaft  near 
Clausthal  in  the  Hartz,  where  again  eleven  miners  were  suddenly 
killed  from  a  similar  breakage.  These  two  accidents  prove  the 
incorrectness  of  the  statement  made  by  those  who  extol  the 
man-engine  at  the  expense  of  the  cage,  and  say  that  no  accident 
can  happen  with  the  former  except  through  the  miner's  own 
carelessness  ;  but  when  making  any  such  comparison  it  is 
essential  to  know  precisely  which  kind  of  man-engine  is  meant. 
Thus  if  we  take  the  case  of  Cornwall,  where  the  double-rod 
machine  no  longer  exists,  we  find  just  the  reverse  of  what 
appears  in  Prussia.  The  death-rate  from  accidents  on  man- 
engines  in  Cornwall  and  Devon  during  the  seven  years  1873  to 
1879  ^^^  0''4  P®'*  1000  persons  using  them,  whilst  the  annual 
death-rate  per  1000  persons  using  ladders  was  higher,  viz.,  0*21. 
If  the  actual  distance  travelled  had  been  taken  into  account, 
the  scale  would  turn  more  decidedly  in  favour  of  the  man- 
engine. 

In  the  Prussian  figures  just  quoted,  the  ladder  appears  but 
little  more  dangerous  than  the  cage ;  probably  most  of  the  mines 
provided  with  ladders  are  much  shallower  than  those  fitted  with 
cages,  so  that  if  the  men  had  been  obliged  to  ascend  from  equal 
depths  in  both  classes  of  mines,  the  list  of  ladder  accidents 
would  no  doubt  have  been  largely  increased. 

Statistics  extending  over  a  number  of  years  show  the  growing 
safety  of  shafts  in  spite  of  their  increasing  depth. 

MiscellaiieouB  Accidents  Underground. — Explosions  of  Gun- 
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jxnrder,  ^c. — Blasting  accidents,  which  head  this  class,  are 
possibly  less  numerous  than  many  people  would  suppose,  when 
reflecting  upon  the  large  quantities  of  gunpowder  and  other 
more  powerful  explosives  which  are  annually  consumed  by  the 
miner. 

They  occur  in  many  ways : — 

a.  Accidental  ignition  of  powder,  while  carrying  it  or  haod- 
ling  it,  from  a  spark  of  the  candle. 

b.  Getting  in  the  way  of  blasts,  either  from  not  retiring  to  & 
safe  place,  or  from  a  hang-fire  of  the  fuse,  or  from  erroneoudy 
supposing  that  a  fuse  had  not  been  ignited  by  the  "  snuff.'' 

<*.  Ignition  of  the  charge  during  the  operation  of  tamping- 
Sometimes,  no  doubt,  a  spark  is  struck  by  an  iron  rammer  and 
communicates  fire  to  the  charge  by  a  train  of  powder  Ijing 
either  behind  the  fuse  or  in  ragged  portions  of  a  bole  bored  in 
''  vuggy "  ground ;  in  other  cases  it  is  thought  that  just  as 
German  tinder  can  be  ignited  by  the  mere  compression  of  air, 
so  the  charge  itself  may  be  fired  by  hard  ramming  at  the  com- 
mencement. The  number  of  accidents  of  this  class  has  been 
reduced  by  the  introduction  of  the  nitro-glycerine  explosives, 
which  will  exert  their  useful  effect  without  hard  tamping. 

d.  Illegally  boring  out  or  picking  out  the  tamping  of  holes 
which  have  missed  fire. 

c.  Exudation  of  nitro-glycerine  from  dynamite  left  exposed  to 
water  in  a  hole  which  has  missed  fire.  The  sensitive  oil  thaj 
explode  when  the  adjacent  rock  is  struck  by  the  pick  or  drill. 

/.  Unexploded  remnants  of  dynamite  or  gun-cotton.  It  oc«' 
sionally  happens  that  the  whole  of  a  charge  of  one  of  the 
nitro-glycerine  or  nitro-ceUulose  explosives  does  not  go  off  com 
pletely :  after  firing  a  shot,  the  miner  may  find  that  the  bb^t 
has  not  rent  the  rock  to  the  bottom  of  the  hole,  but  has  left  a 
"  socket "  ;  to  save  himself  a  few  inches  of  boring,  he  sometimes 
is  tempted  to  use  this  in  starting  the  next  hole.  Such  proceetl- 
ings  have  been  proved  to  be  most  dangerous,  for  the  blows  d 
the  steel  tool  may  fire  the  unexploded  remnants,  and  cause  a 
serious  disaster. 

g.  Miners,  and  indeed  others,  have  been  injured  by  the 
explosion  of  the  fulminate  of  mercury  in  the  detonators,  or  cap^^^ 
when  examining  them  incautiously,  or  while  endeavouring  to 
pick  out  sawdust  with  which  they  were  choked. 

The  golden  rule  is  to  treat  explosives  as  substances  which 
will  and  do  explode,  but  it  is  naturally  difiicult  for  the  miner 
who  is  handling  them  day  after  day  not  to  become  somewhat 
callous  to  their  dangers. 

Suffocation  by  Gases.—  Few  fatalities  in  Great  Britain  are  put 
down  to  suffocation  by  gases  given  off  naturally  by  the  rocks. 

By  Underground  Fires. — ^Two  of  the  worst  Gata8t»t>phe8  known 
in  mining  have  happened  from  this  cause ;    they  are  barely 
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equalled  by  the  worst  explosions  in  collieries,  and  go  to  prove  a 
fact  already  insisted  on — viz.,  that  coal -mining  is  not  the  most 
perilous  form  of  underground  labour.  Reference  is  now  made 
to  the  underground  fires  at  De  Beers  diamond  mine  and  at 
Przibram.  In  the  year  1888  some  of  the  timber  in  one  of  the 
shafts  at  De  Beers  accidentally  took  fire ;  the  flames  spread 
rapidly,  and  soon  filled  the  mine  with  smoke  to  such  an  extent 
that  twenty-four  white  men  and  two  hundred  natives  were 
suffocated.  The  Przibram  disaster  of  May  1892  was  on  an  even 
larger  scale.  Again,  some  accident  or  carelessness  caused  the 
ignition  of  the  timber  in  one  of  the  shafts,  and  the  burning 
wood  produced  such  fumes  that  318  persons  were  asphyxiated  in 
the  mine,  whilst  one  died  a  few  days  after  his  rescue. 

These  are  not  the  only  cases  of  great  disasters  arising  from  fires. 
At  the  Mauricewood  Colliery,  in  Scotland,  in  1889,  sixty-three 
out  of  sixty-five  men  who  were  in  the  mine  lost  their  lives 
through  an  underground  fire,  the  cause  of  which  was  never 
precisely  ascertained ;  possibly  a  naked  light  carried  on 
the  head  of  one  of  the  men  came  in  contact  with  the  very  dry 
timbering  on  an  incline  or  with  some  brattice  cloth,  and  set  it 
on  fire.  The  accident  was  in  no  way  due  to  the  fact  that  the 
mineral  worked  was  coal.  Tiuning  to  ore  mines  we  find,  for 
instance,  that  fires  have  happened  on  more  than  one  occasion 
in  the  workings  on  the  Comstock  lode.  Before  the  year  1869 
they  fortunately  had  no  other  evil  effect  than  driving  the  men 
out  of  the  workings ;  but  in  April  of  that  year  a  fire  broke  out 
in  the  800-foot  level  of  the  Yellow  Jacket  mine,  possibly  from  a 
candle  left  near  the  timber,  and  it  burnt  along  unnoticed  until 
at  last  a  **  stull  "  gave  way  and  drove  a  blast  of  foul  air  and 
smoke  into  the  shafts.  This  happened  at  the  change  of  shifts, 
and  thirty -four  miners  were  suffocated.  After  unsuccessful 
attempts  to  rescue  the  men,  and  when  all  hope  of  their  being 
alive  had  been  abandoned,  steam  was  forced  into  the  mine  two 
days  after  the  accident  for  seventy-two  hours.  This  proved 
insufficient)  and  steam  was  again  forced  in  for  two  days.  The 
fire  was  not  completely  subdued  for  several  weeks,  and  even 
six  months  after  the  accident,  smouldering  timber  was  some- 
times met  with.  According  to  the  experience  gained  in  this 
accident,  steam  is  not  effectual  in  extinguishing  a  mine  fire, 
though  it  is  useful  as  a  temporary  expedient  for  purifying  the 
atmosphere  of  the  mine  and  checking  the  flames,  and  so  render- 
ing it  possible  to  put  in  dams  and  cut  off  the  supply  of  oxygen 
to  the  conflagration.  In  addition  to  the  big  catastrophe,  there 
were  several  minor  accidents  of  a  like  nature,  and  forty-nine 
persons  in  all  lost  their  lives  from  underground  fires  at  mines 
on  the  Comstock  lode  in  seventeen  years. 

A  fire  at  the  Calumet  and  Hecla  copper  mines  on  Lake 
Superior    in    November   1888  claimed   eight  victims,   and   in 
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addition  to  this  loss  of  life  caused  a  considerable  loss  of  money. 
These  mines,  which  use  about  30,000,000  feet  of  timber  annaally 
for  underground  supports,  have  suffered  serious  losses  from  fire 
on  five  occasions,  and  great  vigilance  is  exercised  to  detect  any 
outbreak.     To  fight  mine  fires  there  are  watchmen,  pipe  lines. 
and  hydrants,  with  fire  hose,  chemical  extinguishers,  fire  alarm 
signals,  underground  telephones,  and  a  system  of  fire  dows  by 
which  the  mine  can  be  divided  into  sectiona     XJndergrouud 
fires  are  not  so  uncommon  in  ore  mines  as  one  might  suppose, 
and  it  may  often  depend  upon  a  mere  chance  whether  they 
become  fatal  to  life  or  not.     With  a  mineral  so  easily  ignite<i 
as  native  sulphur,  the  occurrence  of  fires  in  the  Sicilian  mines 
will  not  excite  astonishment ;  some  of  the  accidents  arise  from 
carelessness  with  lamps  and  in  blasting,  but  the  most  common 
cause  is  the  heat  generated  by  the  friction  of  heavy  masses  of 
the  sulphur-bearing  rock  when   there  are  falls,  which,  as  has 
already  been  stated  (Chapter  VI.),  are  sometimes  the  result  of 
the  method  of  working  adopted.     Many  of  the  fires  last  for  a 
very  long  time,  and  in  one  instance  sixty  years  elapsed  befor*' 
the  burning  rock  was  extinguished.     The  number  of  aocidt»iit> 
from  suffocation  by  sulphurous  acid  produced  by  undergrouijJ 
fires  at  the  Sicilian  mines  is  by  no  means  small;  thirty tiw 
persons  perished  in  this  way  during  the  five  years  1884  to  18SS. 
to  say  nothing  of  four  deaths  from  inhaling  carbonic  acid  gJiN 
and  thirteen  deaths  from  sulphuretted  hydrogen. 

The  fatal  tlisaster  which  occurred  at  Snaefell  lead  mine  in 
the  Isle  of  Man  in  May  1897  was  due  to  the  effects  of  carbon** 
oxide  in  connection  with  an  underground  fire.  The  exposure  t*- 
ciu'bonic  oxide  during  the  exploration  of  the  mine  and  tb 
recovery  of  the  bodies  was  the  starting-point  of  the  illness  thr.^ 
ultimately  proved  fatal  to  the  author  of  this  book.  A  detaile-i 
account  of  the  accident  and  of  the  heroic  conduct  of  Captiii^ 
Kewley  and  of  Mr.  G.  J.  Williams  is  given  in  an  Appendix  to 
Sir  C.  Le  Neve  Foster  and  Dr.  Haldane's  work  on  the  investif- 
tion  of  mine  air. 

The  moral  to  be  drawn  from  these  unfortunat<e  accident^  >^ 
that  at  all  events  the  main  shafts,  or  other  approaches  to  tb^ 
underground  workings,  should  be  constructed  in  a  manntr 
calculated  to  prevent  a  repetition  of  such  great  disa<Nt^i> 
Many  of  the  shafts  in  mines,  especially  those  devoted  to  pumi)- 
ing,  are  so  wet  that  there  is  no  fear  of  a  fire  even  if  they  •^^ 
lined  with  timber ;  in  others  the  lining  is  of  brickwork  i-f 
masonry,  and  the  guides  are  made  of  steel  rails  or  wire  m^n^^ 
the  shaft  is  therefore  uninflammable.  In  very  dry  mines,  l 
the  other  hand,  the  danger  does  exist  of  the  shaft  being  co. 
verted  by  some  slight  carelessness,  or  by  an  accident  with 
lamp,  into  a  huge  blazing  furnace,  which  may  send  clouds  >. 
suffocating  fumes  into  the  workings  and  prevent  the  exit  of  tl 
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miners  or  the  entry  of  rescuers.  To  guard  against  such  a  state 
of  things,  either  timber  linings  may  be  eschewed  and  replaced 
by  incombustible  linings,  or  the  inflammability  of  the  wood 
may  be  reduced  by  keeping  it  damp.  As  already  pointed  out, 
water  is  in  some  cases  made  to  trickle  over  the  shaft  timber  in 
order  to  prevent  its  being  attacked  by  dry  rot. 

Iivruptions  of  Water. — Irruptions  of  water  into  mines  happen 
in  three  ways : — 

Floods  at  the  surface  due  to  an  unprecedented  rainfall. 

Extending  the  workings  too  close  to  the  bottom  of  the  sea  or  a  river. 

Breaking  into  old  workings  full  of  water. 

All  these  causes  have  occasioned  disasters  in  mines.  The 
first  danger  may  bo  avoided  by  keeping  the  top  of  every  shaft 
of  the  mine  well  above  the  level  of  the  lowest  land  of  the  dis- 
trict. If  it  happens  that  the  only  convenient  site  for  a  shaft  is 
near  the  bottom  of  a  valley,  the  top  may  be  built  up  with 
masonry  strong  enough  to  resist  a  flood.  Many  lives  were  lost 
in  Hungary  in  May  1892,  from  the  bursting  of  a  waterspout, 
which  caused  water  to  pour  down  some  mine  shafts. 

Breaking  into  the  flooded  workings  of  old  adjacent  mines  may 
happen  through  want  of  knowledge  or  want  of  care.  Defective 
plans  are  one  source  of  the  irruptions,  the  miner  being  beguiled 
into  a  false  security  by  inaccurate  surveys  of  the  adjacent  pro- 
perty, or  by  ignorance  that  any  workings  had  ever  been  made 
there  before.  The  Coal  Mines  Act  enjoins  the  precautions 
which  are  well  known  to  every  miner  in  approaching  old  work- 
ings— viz.,  boring  holes  in  advance  for  the  purpose  of  tapping 
the  water,  before  there  is  any  danger  of  the  protecting  partition 
giving  way  under  the  pressure  behind  it.  The  water  can  then 
be  drained  off  slowly,  and  the  partition  need  not  be  broken 
down  until  all  chance  of  flooding  is  past. 

Haulage, — Accidents  may  happen  from  men  being  caught  and 
knocked  over  by  waggons  while  they  are  making  use  of  inclines 
as  travelling  roads ;  the  statutory  manholes  or  refuge  niches 
are  designed  to  prevent  dangers  of  this  kind,  but  a  better  plan 
is  to  provide  independent  walking  roads,  or  to  partition  off  the 
walking  road  from  the  railroad.  At  some  mines  the  men  are 
prohibited  from  walking  upon  the  inclines  while  trucks  are  being 
drawn  up  and  down,  and  work  is  stopped  at  the  changes  of  the 
shifts  in  order  to  give  them  the  means  of  descending  and 
ascending  in  safety.  Casualties  may  arise  from  the  running 
away  of  trucks  through  the  breaking  of  a  haulage  rope  or  chain. 
It  would  also  be  strange  if  men  were  not  sometimes  injured 
when  moving  tram  waggons.  Owing  to  an  imperfection  in  the 
road,  a  waggon  may  turn  over  and  catch  a  man  in  its  fall,  or  in 
narrow  levels  a  man  may  be  nipped  against  the  side. 

By  Machinery  Underground, — Proper  fences  will  prevent  some 
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of  the  fatalities  from  machinery  underground,  and  sucb  safe 
guards  become  all  the  more  necessary  in  the  dark  or  ill-lighted 
passages  of  a  mine  where  one  may  have  to  assume  a  cramped 
position  in  going  past  the  moving  mechanism. 

Sundries  Underground. — Under  this  heading  will  be  found 
various  accidents  which  cannot  be  placed  in  one  of  the  otber 
sub-divisions. 

Before  passing  on  to  the  accidents  which  happen  at  the 
surface,  it  may  be  well  to  call  attention  to  two  recent  rescues  of 
entombed  miners,  as  instances  of  the  length  of  time  men  can 
exist  without  food,  so  that,  in  case  of  accidental  imprison- 
ment, efforts  to  recover  the  sufferers  may  not  be  relaxed  too 
soon.  In  July  1892  three  miners  were  shut  in  by  a  fall  at  a 
brown-coal  mine  in  Bohemia,  and  were  rescued  after  the  lapse 
of  no  less  than  seventeen  days,  during  the  whole  of  which  time 
they  were  deprived  of  food,  though  sufficiently  supplied  with 
drinking  water.  A  shade  more  wonderful  is  the  escape  of  four 
men  at  Jeansville  in  Pennsylvania  in  February  1891.  Seven- 
teen persons  were  shut  in  by  the  irruption  of  water  into  the 
mine  from  adjoining  workings,  and  they  could  not  be  reached 
until  the  level  of  the  water  had  been  lowered  by  pumping;. 
When  the  rescuers  were  able  to  penetrate  into  the  wotIqmn 
eighteen  days  after  the  disaster,  four  of  the  seventeen  men 
were  found  alive,  though  of  course  extremely  weak. 

Accidents   on   the   Surface. — By  Mdchinery, — A  very  large 
proportion  of  the  surface  accidents  are  such  as  might  happen  ;it 
any  factory.     Though  they  cannot  be  prevented  entirely,  for 
men  and  boys  will  sometimes  go  into  the  most  unexpected 
places,  much  good  can  be  done  by  fencing ;  and  it  is  alwa}'^ 
well  to  err  upon  the  side  of  over-caution,  and  to  protect  shafting' 
or  other  moving   parts  which   may  at  first   sight  seem  quit^ 
innocent.     If  the  lubricant  cannot  be  supplied  by  one  of  the 
constant  feeders,  the  attendant  should  do  the  oiling,  as  far  as 
poasible,  when  the  machinery  is  stopped  for  meal-times  or  for 
some  other  purpose ;  the  desirability  of  wearing  tightly-fittiru: 
clothes  has  already  been  mentioned,  and  it  is  always  advisable 
to  have  the  means  of  throwing  machinery  out  of  gear  quickly, 
in  case  a  person  is  caught  by  it.     For  putting  belts  on  to  pulleys. 
a  special  **  shipper  "  is  safer  than  the  hand. 

Now  that  so  many  mines  have  circular  saws,  it  is  well  to  rec^I 
lect  that  the  use  of  a  guard,  like  the  Lakeman  guard  for  instance. 
may  occasionally  save  a  man  the  loss  of  a  finger  or  a  hand. 

Looking  at  the  fact  that  millions  of  slates  that  are  made 
annually  by  machines  with  revolving  or  guillotine-like  knive:^. 
it  is  not  strange  that  through  momentary  inadvertence  men 
should  now  and  then  put  the  hand  in  a  little  too  far  and  lost' 
the  end  of  a  finger.  It  is  impossible  for  any  mortal  to  be  con 
tinually  on  the  watch  against  such  occurrences  as  these,  hour  aftei 
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hour  and  day  after  day,  and  the  marvel  really  is  that  in  Bpite  of 
distractions  the  human  machine  works  as  correctly  as  it  does. 

The  increase  in  the  proportion  of  the  surface  accidents  of  late 
years  may  be  explained  bj  the  fact  that  far  more  work  is  done 
by  mechanical  means  in  preparing  minerals  for  market  than 
formerly,  and  the  introduction  of  machinery  has  brought  a 
factory  risk  into  a  domain  where  formerly  there  were  only 
workshop  risks. 

Boiler  Exploaums. — -The  subject  of  boiler  explosions  concerns 
the  general  manufacturer  quite  as  much  as  it  does  the  miner, 
and  it  has  been  so  thoroughly  studied  of  late  years  that  there 
is  no  longer  any  reason  for  ascribing  such  occurrences  to  mys- 
terious and  inexplicable  causes.  Boilers  burst  from  weakness, 
which  may  be  due  to  original  malconstruction,  to  improper 
treatment,  or  to  ordinary  wear  and  tear.  It  is  very  desirable  that 
every  boiler  should  be  cleaned  out  at  least  once  in  three  months 
and  then  carefully  examined  internally,  a  record  being  kept  at 
the  offices  signed  by  the  person  making  the  inspection.  In 
England,  very  many  owners  of  boilers  join  such  a  society  as  the 
Manchester  Steam  Users'  Association,  and  have  their  boilers 
periodically  inspected  by  competent  experts,  who  at  the  same 
time  are  able  to  give  many  vfduable 
hints  concerning  safe  and  economical  Fio.  713. 

methods  of  working.  ■ — ^^___^ 

Miscdlaneoui  <m  Surf  are. — Under 
this  last  heading  are  included  a 
variety  of  accidents,  which  need  no 
special  mention. 

Aocidenta  at  Auarriei. — Statistics 
of  accidents  at  British  quarries  more 
than  30  feet  deep  have  now  been 
collected  for  some  years  ;  they  show 
that  on  the  whole  the  average 
quarrier,  that  is  to  say,  the  worker 
inside  a  quarry,  has  a  more  dangerous 
occupation  than  the  average  collier 
or  ore-miner.  In  1904  the  accident 
death-rate  of  workers  inside  quarries 
was  1-54  per  1000. 

Non-fiital  Acoidenta.  —  Statistics 
concerning  non-fatal  accidents  are 
of  little  use  unless  the  extent  of  the 
injury  is  indicated  in  some  manner. 
The  Uining  Acts  prescribe  that  all  ^ 
serious  non-fatal  accidents,  and  all 
accidents  causing    personal     injury 

arising   from  any  explosion  of  gas,  powder,  or  of  any  steam- 
boiler  shall  be  reported  to  the  inspector.     In  France,  on  the 
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other  hand,  the  official  statistics  do  not  ioclude  aoD-fatel  ani- 

derits  which  have  dirmbled  the  person  for  less  than  three  wf«ks. 

Mining  is  Hometimes  a  source  of  risk  to  the  puhlic  as  w«U 

as  to  the  actual  workers.     The  commoneKt  danger  arises  froD 

FlO.  714. 


unfenceil  or  insecurely  fenced  shafts,  or,  what  are  worse,  sh*''' 
which  have  been  covered  with  timber  and  earth  ami  bcMoe 
forgotten.  Every  now  and  then  the  local  papers  of  mini"? 
diatricta  record  the  Mudden  and  unexpected  giving  way  of  > 
rotten  "  sollar,"  leaving  a  yawning  crater  in  what  waa  tbonpbt 

Fm.  715- 


lobe  solid  ground.  Fatal  accidents  to  men  and  beasts  have  token 
place  in  this  manner,  tosay  nothing  of  many  very  narrow  escspf'- 
Ambulance  Training.— Though  prevention  is  better  than  caiv. 
and  though  the  number  of  casualties  may  be  reduced,  it  cuddd' 
be  expected  that  mining  will  ever  be  quite  exempt  from  theni' 
Provision  should  therefore  be  made  to  render  those  th«t  '1" 
occur  as  little  harmful  as  possible.     The  Ooal  Mines  Act  o< 
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1887  compels  the  owners  of  mines  to  keep  a  supply  of  splints 
and  bandages  ready,  and  many  miners  have  learnt  in  the  school 
of  actual  practice  how  best  to  assist  their  injured  comrades 
before  the  arrival  of  a  doctor.  Nowadays  the  establishment  of 
classes  under  the  St.  John  Ambulance  Association  has  given  the 
men  the  opportunity  of  acquiring  systematic  instruction  in  the 
best  methods  of  rendering  first  aid  to  the  injured,  and  of  moving 
them  without  aggravating  the  mischief  or  causing  needless  pain. 
Miners  all  over  the  world  have  reason  to  be  grateful  to  this 
excellent  society.  Regular  ambulance  corps  have  been  estab- 
lished at  some  mines.  Fig.  713  illustrates  the  "  Furley  "  pattern 
stretcher,  as  supplied  by  the  St.  John  Ambulance  Association, 
together  with  the  ^*  Lowmoor  Jacket,"  by  means  of  which  an 
injured  person  can  safely  be  placed  at  any  angle.  Figs.  7 14  and 
715  represent  the  "  Ashf ord  Litter,"  a  two-wheeled  carriage  for 
the  conveyence  of  the  injured  person  along  roads.  The  former 
shows  that  the  bearers  of  the  stretcher  can  pass  between  the 
w^heels  by  stepping  over  a  crank  axle,  and  so  avoid  lifting  the 
heavy  weight  over  the  wheels.  At  large  mines  there  should  be 
a  horse  ambulance  carriage  for  the  removal  of  sufferers. 
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CHAPTER  XVII. 

PRINCIPLES  OF  EMPLOYMENT  OF  MINING  LABOUB. 

Modes  of  Payment. — Persons  employed  at  mines  may  bave 
their  wages  reckoned  in  one  of  four  different  ways  :— 

1.  By  time. 

2.  By  measure  or  weight. 

3.  By  a  combination  of  Nos.  i  and  2  systems. 

4.  By  value  of  the  mineral  obtainecL 

I.  By  Time. — ^The  first  system  is  largely  adopted  for  surfac*- 
labour,  such  as  is  required  on  the  dressing-floors.    £Dginemeii< 
stokers,  mill  men,  smiths,  and  carpenters  are  likewise  p&i<i  ^ 
much  a  day  of  a  stated  number  of  hours.     A  time-book  is  kept- 
and   the  wages  are   reckoned    up   at  the   end  of  the  ^^' 
fortnight,  or  month  by  a  simple  multiplication  sum.    For  tm^ 
mining  or  quarrying — that  is  to  say,  for  excavating  vilwW'^ 
minend  and  removing  worthless  rock — this  system  is  far  1«^ 
common  than  the  other  three.     There  are  objections  to  it  bc4h 
on  the  part  of  mine  owners  and  on  the  part  of  many  of  the  men- 
The  owner  has  to  employ  more  foremen  to  look  after  the  v«^ 
and  an  amount  of  supervision  which  would  be  sufficient  at  thr 
surface  is  utterly  inadequate  below  ground,  because  the  working 
places  are  not  within  sight  from  any  one  point,  and  can  ooly^' 
reached  by  traversing  low  and  tortuous  passages,  or  by  dimbins 
down  and  up  ladders.     The  men,  too,  in  many  cases  prefer  u> 
be  paid  on  some  system  which  gives  the  alolled  and  stea'iy 
miner  the  advantage  of  deriving  some  profit  from  his  exertioi^^ 
over  and  above  the  average  daily  wage  he  would  receive  if  tun« 
were  the  only  standard  for  good  and  bad  workers  alike. 

In  rare  cases  persons  are  hired  for  the  day  only ;  this  is  te 
sometimes  at  the  ozokerite  mines  at  Boryslaw,  where  the  ageii« 
picks  out  in  the  morning  as  many  men  as  he  wants  from  tli">^ 
assembled  at  the  top  of  the  pit. 

In  new  countries  or  districts,  payment  of  miners  by  the  <iay 
may  be  necessary  at  first,  because  the  work  is  so  strange  that 
the  men  are  afraid  to  enter  into  contracts,  which  would  appe^^ 
perfectly  reasonable  and  satisfactory  to  them  if  they  had  been 
used  from  boyhood  to  this  system  of  arrangng  earnings.  After 
the  more  enterprising  men  have  learnt  by  actual  practice  what 
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they  are  capable  of  doing,  they  drop  into  the  contract  system, 
and  in  due  course  of  time  the  others  follow  them. 

2.  By  Measure  or  Weight. — Piecework  paid  for  by  measure 
or  by  weight  is  a  system  largely  adopted,  as  in  the  '^  tutwork  " 
of  Cornwall.  No  doubt  the  original  meaning  of  the  word  was 
**  dead  work,"  from  the  German  word  "  todt,"  because  unpro- 
ductive work  was  thus  paid  for ;  but  later  it  has  included  the 
excavation  of  ore.  In  driving  a  level,  for  instance,  the  manager 
specifies  that  the  height  shall  be  7  feet  and  the  width  5  feet^ 
and  agrees  to  pay  so  many  pounds  for  every  yard  or  fathom  of 
advance.  As  a  rule  the  mine  owner  provides  all  the  necessary 
materials  and  deducts  their  value  at  the  end  of  the  contract. 
An  example  or  two  will  make  the  system  plain. 


THB   ADVENTURE  MINING  COMPANY,   LIMITED. 
Tutwork  pay  for  the  Month  of  May  1886. 


John  Smith  and  Partners.     Six  Men. 


Sinking 
Stoping 
Patting  in  9  stuUs 


Fms. 

Ft 

2 
0 

I1I8. 

0 
0 

4 

2 

Price. 


140/- 
60/- 
10/- 


Deductions. 

Cash  on  account 
Candles,  72  lbs.  at  4d. 
Powder,  100  lbs.  at  4^. 
Dynamite,  20  lbs.  at  is.  8d. 
Fuse,  34  coils,  at  5d. 
Hilts,  at  6d. 
Shovels,  at  28.    . 
Smith's  cost 
Powder  cans,  at  ih. 
Doctor  and  club 


21 
I 
I 
I 


Balance 


». 


o 

4 

»3 

13 

14 


18 


d. 


o 
o 

4 
4 


Amount. 


30 
6 


40 


27 


9, 


6 

o 

10 


16 


13 


13 


8 
o 
o 


8 


10 


10 


The  meaning  of  this  pay-bill  is  that  John  Smith  and  five 
other  men  took  a  contract  to  sink  a  certain  shaft  at  jQ^  per 
fathom,  and  to  stope  part  of  the  lode  at  jQ^  per  fathom.     They 
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sank  the  shaft  4  fathoms  2  feet,  and  stoped  away  2  fatbom!": 
in  addition  to  this  they  put  in  some  timber,  a  matter  not  in- 
eluded  in  the  original  contract,  and  for  which  they  are  cre<ii>i 
with  ^4,  I  OS.  extra.  The  gross  balance  due  to  them  is  ther^ 
fore  ;i^40,  i6a  8d.,  against  which  they  are  debited  with  the  ci^: 
of  the  candles  and  explosives  supplied  to  them,  and  with  their 
subscriptions  for  medical  attendance  and  accident  club.  Whii^ 
the  contract  was  running  they  received  ^^21  on  account,  hi 
that  on  the  pay-day  they  took  up  a  balance  of  jQiSi  13s-  i^ 
In  a  contract  of  this  kind  the  leading  man,  John  Smith,  i- 
known  as  the  *'  taker." 

In  stoping  a  vein,  the  price  is  calculated  per  square  fathoiu 
of  advance  for  its  whole  width  ;  thus  if  a  lode  is  4  feet  wide 
stoping  one  fathom  of  ground  means  the  removal  of  a  block  6  fe^^t 
high,  6  feet  long,  and  4  feet  wide ;  in  other  words,  144  cubic  feet 
In  wide  lodes  the  men  are  sometimes  paid  per  cubic  fath«>ni 
excavated.  At  one  British  lead  mine,  where  the  lode  »jine 
times  measures  several  fathoms  from  wall  to  wall,  a  8tan<Uri 
price  is  arranged  for  a  width  of  6  feet,  and  where  the  stopes  are 
wider  than  this  the  men  are  pfiid  extra.  In  order  to  preret- 
loss  of  ore  through  carelessness,  the  men  are  paid  a  premium  «.rf 
1 5s.  a  ton  for  all  the  lead  ore  they  save.  ^ 

Another  example  on  the  next  page  gives  an  instance  & 
"  tutwork  "  wages  calculated  by  weight.  It  is  copied  from  tf  t 
figures  on  the  back  of  the  little  envelope  in  which  the  mone}  i' 
handed  to  the  "  taker  "  on  the  pay-day.  The  account  >h  f ' 
that  Richard  Williams  and  his  six  partners  excavated  isctotj 
9  cwt.  of  tin  ore  ("tinstuff ")  at  6s.  per  ton,  and  were  credited 
with  ^36,  2S.  8d.  Against  this  they  had  to  pay  j£s^  ^^  ^^^  ['^ 
materials  (candles,  explosives,  &c.),  7s.  for  doctor,  58.  3^  ^^|^ 
club,  and  is.  gd.  for  barber,*  leaving  a  balance  of  ^30,  4^  4'- 
to  be  divided  among  them,  that  is  to  say,  ;^i,  is.  yd.  permit 
per  week. 

A  third  basis  of  payment  is  the  number  of  inches  bored  in  '^^' 
shift.  This  plan  was  in  vogue  in  stoping  the  wide  lead-l'^''^ 
in  the  Upper  Hartz  some  years  ago;  it  necessitated  carei 
supervision,  for  otherwise  the  men  bored  their  holes  m  ^^' 
softest  places  they  could  find,  or  in  positions  enabling  tl:^*^ 
to  wiekl  their  hammers  with  the  greatest  ease,  without  a^) 
thought  for  the  work  required  from  the  shots.  A  fore"^^ 
came  round  at  the  beginning  of  the  shift,  and  pointed  out  n'* 
the  holes  were  to  be  placed ;  in  the  middle  of  the  sbiit  i^ 
returned,  measured  the  depth  bored,  and  then  chai^ged  «t' 
fired  the  holes  while  the  men  rested.  The  positions  for  fi^- 
holes   were  then  indicated,  and  at  the  end  of  the  shift  tb'* 

•  The  item  *'  barber,*'  a  charge  of  3d.  per  man  per  month,  still  ni'^- 
in  a  few  of  the  oldest  mines  in  Cornwall.    The  barber  attends  at  '^ 
mines  on  Saturdays. 
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depths  were  measured  and  booked,  previous  to  the  charging  and 
blasting.  The  price  paid  was  i  m.  38  pf.  per  metre  (5d.  per  foot^ 
of  hole  bored  upwards,  and  i  m.  13  pf.  per  metre  (4d.  per  foot) 
of  hole  bored  downwards  ;  in  the  latter  case  the  men  could  put 
water  in  the  holes,  which  keeps  the  finely  powdered  rock  in 
suspension  and  allows  the  cutting  edge  of  the  tool  to  do  better 
execution. 

WHEAL  CHANGE. 

Richard  Williams  and  Pabtnebs. 

Pay  for  4  weeks  ending  27th  May. 

Paid  loth  June  1893. 


TUTWORK. 

Fins. 

Ft. 

Ins. 

Prlc6. 

I 

«. 

d.      , 

Driving     . 
Sinking     . 
Rising 

T0U8. 

CwU. 

Stoping     . 
Stems 

120 

9 

6/- 

36 

2 

8 

1 

Subsist         .... 

Materials      .... 

5            4 

4 

1 

Doctor,  club,  and  barber 

1     14 

0 

5 

18 

1 

Balan< 

36 

■ 

• 

.       £ 

30 

4 

4 

The  men  working  away  the  great  pyrites  deposit  at  Rammels- 
berg  in  the  Lower  Hartz,  by  means  of  boring  machinery,  are 
paid  per  metre  of  hole  bored,  as  this  method  is  more  convenient 
than  measuring  up  the  amount  of  '*  ground  "  removed  in  wide 
workings  and  paying  per  cubic  metre.  The  latter  system, 
however,  is  adopted  in  driving  levels  and  sinking  shafts  where 
the  dimensions  of  the  exctivations  are  regular. 

In  removing  overburden,  where  everything  has  to  be  sent 
away  indiscriminately,  payment  per  cubic  yard  excavated  is 
common,  just  as  it  is  in  making  railway  cuttings ;  this  system  is 
adopted  with  the  men  who  uncover  the  iron  ore  in  North- 
amptonshire (Fig.  322),  whilst  those  employed  in  getting  the 
ore  are  paid  so  much  per  ton  put  into  the  waggons. 
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3.  Combined  Methods.  —  The  combination  of  the  two 
methods,  payment  by  time  and  payment  by  measure  or  weiglt 
of  some  kind,  may  be  adopted  when  men  are  too  inexpeneD(>  i 
or  too  timid  to  take  contracts  depending  solely  upon  resu]t\ 
This  plan  has  been  found  to  answer  at  a  pyrites  mine  in  Nonii 
Wales,  where  the  mineral  is  got  by  the  aid  of  rock  drills  workt^i 
by  compressed  air.  The  miners  receive  a  fixed  wage  of  £.1 
per  week,  and  a  premium  of  a  penny  per  foot  for  every  foot 
bored  over  1 2  feet  per  day  of  eight  houra  The  company  fin  i* 
the  machines  and  all  tools.  The  mine  is  worked  in  three  shift> 
of  eight  hours  each  ;  in  two  of  them  the  men  are  merely  boriDg, 
and  in  the  third  shift  a  set  of  blasters  come  round  to  charge  and 
fire  the  holes.  Of  course,  as  in  the  Hartz,  the  position  of  tli^ 
holes  is  planned  by  the  foreman.  By  working  in  this  way  the 
men  generally  make  from  3s.  to  4s.  a  week  extiu  pay,  for  the} 
are  able  to  bore  40  or  50  feet  a  week  more  than  the  stan^L^r*: 
task.  The  ore  is  fairly  uniform  in  hardness,  for  otherwis**  it 
would  be  impossible  to  maintain  a  single  tariff  for  the  whole  0' 
the  mine.  This  system  has  been  advantageous  both  to  the  m^;: 
and  to  the  company.  Previous  to  its  introduction  the  m^' 
were  all  on  one  dead  level,  and  had  no  interest  in  exertii: 
themselves;  they  each  got  their  j£i  a  week  by  doing  tl.' 
minimum  amount  which  enabled  them  to  escape  a  scolding  fr~^ 
the  foreman,  whilst  now  the  man  who  works  hard  fe^  that  be 
will  get  some  recompense  for  his  extra  exertions.  The  compaiiy 
benefit  by  having  an  increased  output  at  a  smaller  cost  per  t>j^ 
without  any  extra  plant. 

4.  By  Value. — We  now  come  to  the  fourth  or  last  sy stem- 
viz.,  payment  by  value  of  the  product.  This  system  has  had  it* 
home  in  the  south-west  of  England  for  many  years,  and  ba^ 
been  transplanted  by  the  ubiquitous  Cornishman  to  m^^} 
other  ore-mining  districts.  In  Cornwall  it  is  known  as  workirj 
on  "  tribute." 

Under  the  tribute  system  a  gang  of  men  agree  to  hand  *"^^' 
to  the  mining  company  all  the  ore  they  raise,  on  condition  trv 
they  receive  a  certain  proportion  of  its  value.     Thus,  supjK'^'-* 
that  the  tribute  is  ^,  or  5  s.  in  the  ;^i,  and  that  a  couple  of  ni*^- 
produce  marketable  copper  ore  worth  ;^50,  their  share  will  f-* 
j£^o  -r-  ^  or  ;^i2,  IDS.  less  the  cost  of  the  materials  they  bv' 
been  supplied  with,  and  all  the  expenses  for  winding,  dres<i^> 
sampling,  &c.     In  other  words,  the  tributer  may  be  said  to  ta^ 
a  sublease  of  part  of  the  mine  and  pay  a  royalty,  in  this  ca>o  ■'■ 
I  or  75  per  cent,  for  the  permission  to  work  accorded  to  hi:: 
But  it  must  be  recollected  that  the  mining  company  reii'Vi" 
the  place  accessible  to  him,  keeps  it  drained  and  ventilatetl,  ^- 
supplies  him  with  machinery  for  raising  his  ore  to  the  surf:>  - 
and  dressing  itj  which  he  could  not  provide.     The  tributer  '.^ 
therefore  a  person  who  can  speculate  upon  the  value  of  the  (s^  '■'■ 
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a  certain  small  working  area,  without  having  any  capital  beyond 
his  brain  and  his  muscle. 

The  precise  nature  of  this  mode  of  payment  will  be  best 
understood  by  an  actual  example. 


WHEAL  CHANCE. 

John  Jones  and  Pabtnbbs. 

Pay  for  4  weeks  ending  27th  May. 

Paid  loth  June  1903. 


Tribute. 

— 

Tribute. 

jC 

Amount 

T.             C.             Q. 

Lbs. 

ft. 

d. 

Tin         I       :      6       :      3 

23 

Price  £$2  per  ton 

Value  ;f  70,  18.  8d. 

• 

•                 ■ 
M. 

13/4 

46 

14 

5 

£ 

d. 

Returning  charges 
Subsist  and  dressing  . 
Materials  and  drawing 
Doctor,  club,  and  barber 

10 
10 

4 

• 

3 

13 

4 
II 

6 
I  • 

9 

25 
21 

12 

2 

• 

4 

Balance 

• 

.      £ 

I 

The  pay-ticket  shows  that  John  Jones  and  his  partners,  a 
gang  of  three  men,  raised  a  certain  quantity  of  crude  tin  ore 
{tinsiuff)  which,  according  to  assays,  contained  i  ton  6  cwt.  3  qrs. 
23  lbs.  of  clean  tin  ore  {black  tin).     The  value  of  this  quantity, 

^^  £s^  P®'*  ^^)  ^^  jQl^t  ^^'  ^^*  ^^®  pay-ticket  also  states  that 
the  b'ibute  was  13s.  4d.  in  the  pound,  or,  in  other  words,  two- 
thirds  of  the  value.  The  gross  total  credited  to  the  gang  was 
therefore  ^46,  14s.  5d.  Against  this  come  the  returning  charge, 
subsist,  dressing,  drawing,  and  sampling,  as  follows : — 

£    *•  d. 

Returning  charges                           .        .      10    3  6 

Subsist 8  10  o 

Dressing 231 

Materials 2  10  8 

Drawing  and  sampling i  14  i 

Doctor,  5s.,  club,  4s.  6d.,  barber,  is.  6d.         o  11  o 

£2S  12    4 
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These  dedactions  require  a  word  of  ezplanatioii.    The  retmx- 
ing  charges  represent  the  cost  of  treating  the  *'  stuff  "  from  tL^ 
time  it  goes  to  the  stamps  until  the  dressed  tin  ore  {Hack  Un) 
is  fit  for  the  smelter.     The  amount  charged  varies  slightly  in 
different  mines.*     ^  Suhsist "  is  another  name  for  an  advance. 
or  money  paid  on  account,  during  the  running  of  the  ooDtract 
which  in  this  case  lasted  eight  weeks.     The  term  **  dressing 
as  used  in  these  accounts  is  not  very  happily  chosen,  hecause  tbe 
returning  charges  represent  all  the  cost  of  stamping  and  wa^li 
ing.      The  "  dressing  "  referred  to  in  the  pay-hill  is  the  pre- 
paration   of    the  ''tinstuff"  for  the    stamps    by  "ragging' 
**  spalling/'  &c.     The  charge  varies  from  4d.  to  6d.  per  ton,  ac- 
cording to  the  hardness  of  the  veinstuff.      In  this  case  the 
books  of  the  company  showed  that  96  tons  6  cwt  i  qr.  of  tiDhtutt 
had  been  dressed.     The  "  materials  "  included  candles,  powder. 
fuse,  dynamite,   pick  hilts,  detonators,  a  shovel,  day  for  tie 
candles,  and  the  smith's  cost  for  sharpening  drills  and  picks. 

"  Drawing  "  is  the  Oornish  term  for  winding,  and  is  chisi^^ 
at  the  rate  of  3d.  per  ton.  The  "  sampling  "  refers  to  the  ft6sa}> 
of  the  tin  ore  made  upon  the  vanning  shovel  by  the  mine  agent 
they  are  charged  at  the  rate  of  is.  each,  and  it  is  upon  ti.^ 
results  of  these  assays  that  the  mine  owner  ascertained  that  tU 
96  tons  6  cwt.  I  qr.  of  "  tinstuff  **  contained  i  ton  6  cwt  3  f 
23  lb.  of  "  black  tin."  One  of  the  three  men  being  a  bacbekf 
paid  only  6d.  per  month  for  the  doctor,  instead  of  the  usual  i* 
of  the  married  man,  whose  wife  and  family  are  likewise  entitl'  1 
to  receive  medical  attendance. 

In  former  days  the  "  tribute,"  or  proportion  of  the  value  r^ 
tained  by  the  workmen,  was  publicly  fixed  by  Dutch  auctioi.  o' 
the   "  setting  "  day.     The  miners  assembled  out<dde  the  mi* ' 
office  (counting  JiotiseY  and  the  manager,  after  reading  out  tb<^ 
nature  of  the  ''pitcn,"or  working-place,  asked  for  hids;tl 
lowest  bidder  received  the  contract     If  a  certain  place  i^en:'"' 
likely  to  be  profitable,  there  was  frequently  much  competit^ 
among  the  men  in  order  to  get  the  "  pitch."     Nowaday  t 
agreements  are  often  made  privately.     It  is  evident  tbi^  *^ 
richer  the  lode,  the  smaller  will  be  the  proportion  of  the  vi^l 
necessary  for  giving  the  men  a  fair  return  for  their  laU- 
in  other  words,  the  tribute  will  decrease  as  the  lode  improve> 

This  system  of  working  has  many  advantages,  which  b- 

*  Com  men  rates  are  : — 

t.  d. 
On  tinstuff  producing  i^  per  cent,  (or  less)  of  "  black  tin/'  2   o  p^^^ ' 
„  ,.  li      I,     to  2^  per  cent.      „         ,,30     .. 

^a        »»       •»   3*  »♦  »»  It        3     ^ 

3*     ♦»     »»  5         ♦♦  »>         »»      4    ® 

5       »»      »»  ^J       »♦  »»         •>      5    o 

H     »»      ..  74       »  •»»         ».      7    o 


»f  •» 

It  ti 

»i  ft 


10       „     or  above  „         ,,    10    o 


ti  11  "-f  II  v»»  awvvv  ,,  J, 
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rendered  it  popular  with  men  and  masters  in  Cornwall  and  else- 
where. The  man's  pay  does  not  depend  solely  upon  his 
muscular  exertion,  but  also  upon  his  judgment.  He  exercises 
his  wits,  he  observes  the  nature  of  the  ground,  and  notices  what 
conditions  are  most  favourable  for  ore-bearing,  such  as  colour 
and  texture  of  the  surrounding  rock;  what  signs  are  the  fore- 
runners of  richness  or  poverty  of  the  lode,  such  as  intersections 
with  "  droppers  "  or  "  feeders,"  joints  in  certain  directions,  the 
appearance  of  associated  minerals.  Guided  by  slight  indications 
of  this  kind,  which  would  pass  unnoticed  by  the  inexperienced,  he 
is  ready  to  back  his  favourable  opinion  of  a  certain  working-place 
(pitch)  by  agreeing  to  work  it  at  a  price  (tributey  which  would 
seem  quite  inadequate  if  one  judged  by  the  actual  ore  in  sight  at 
the  time  of  making  the  agreement.  If  he  is  correct  in  his  inference, 
he  may  make  a  large  sum  of  money,  and  receive,  for  instance, 
one-fourth  of  ;£^2oo,  instead  of  one-fourth  of  ;^5o,  which  seemed 
probable  from  the  original  appearance  of  the  ground. 

This  constant  study  of  the  geological  features  of  the  working- 
places  and  the  calculations  concerning  the  probable  expenditure 
for  explosives  and  other  materials,  educate  the  miner,  make  him 
brighter,  shrewder,  and  more  self-reliant^  and  so  raise  him 
mentally. 

The  advantages  of  this  training  are  also  felt  by  the  mining 
company ;  they  have  in  the  mine  a  body  of  expert  detectives 
constantly  on  the  watch  for  clues  to  lead  them  to  hidden  ore- 
bodies  which  might  otherwise  go  undiscovered,  and  while  the 
tributer  is  at  work  in  any  given  *'  pitch,"  the  mine  owner  feels 
little  fear  of  ore  being  thrown  away  in  the  rubbish,  or  of 
^'  waste "  being  unnecessarily  sent  to  the  surface.  As  the 
interests  of  the  employer  and  the  employed  are  in  these  respects 
identical,  the  former  knows  that  little  or  no  supervision  is 
required  on  his  part  to  prevent  loss  from  either  of  the  two 
causes  just  mentioned.  The  tributer  is  therefore  left  much 
more  to  himself  than  the  man  employed  upon  tutwork.  Lastly, 
it  may  be  pointed  out  that  so  long  as  the  profit  made  out  of  each 
bargain  is  sufficient  to  pay  its  proportion  of  the  general  expenses 
of  pumping,  ventilating,  and  management,  the  mining  company 
cannot  lose  by  employing  tributers.  It  is  not  to  be  wondered  at 
that,  with  these  advantages,  the  tribute  system  should  be  vaunted 
to  the  skies  by  many  mining  engineers. 

The  other  side  of  the  picture  must  not  be  forgotten.  In  the 
first  place,  the  system  is  apt  to  promote  duplicity  among  the  men. 
They  are  constantly  endeavouring  to  outwit  the  agent  by  fair 
means  or  foul,  and  will  candidly  confess  that  '^  the  whole  art  of 
mining  is  fooling  the  captain."  The  latter  has  often  been  a 
tributer  himself,  and  is  fully  alive  to  all  the  tricks  which  the 
men  are  likely  to  practise  upon  him,  such  as  concealing  any 
indication  of  an   approaching   improvement,   in   order  to   get 
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better  terms  at  the  next  "  setting."  This  is  not  all ;  it  may 
happen  that  two  "  pitches  "  not  very  far  from  one  another  are 
being  worked  at  very  different  tributes,  one  bargain  being  rich 
and  the  other  poor.  One  gang  may  be  getting  two-thirds  of  the 
value  of  the  ore  they  raise,  the  others  only  one-tenth  ;  the  men 
with  the  low  tribute,  that  is  to  say,  the  men  in  whose  working- 
place  the  ore  is  abundant,  are  often  ready  enough  for  a  con- 
sideration to  part  with  some  of  their  stock  to  their  neighbonrs, 
who  transfer  it  secretly  to  the  "  pile  "  which  they  are  sending  up 
to  the  surface,  carrying  it  perhaps  from  one  working-place  to  the 
other  in  an  improvised  sack  made  out  of  a  pair  of  trousers.  The 
result  is  that  the  squad  with  the  high  tribute  are  paid  at  a  far 
better  rate  for  some  of  their  ore  than  the  trouble  of  getting  it 
warranted.  When  the  rates  of  tribute  vary  between  narrow 
limits  the  case  is  different.  For  instance,  the  manager  of  a  zinc 
mine  was  lately  paying  40s.  per  ton  for  blende  as  the  highest 
tribute  and  30s.  as  the  lowest,  which,  with  the  ore  selling  at 
^5  per  ton,  corresponded  to  8s.  and  6s.  in  the  pound  respec- 
tively ;  there  was  therefore  little  or  no  temptation  to  transf^ 
ore  from  one  "  pitch  "  to  another,  and  so  defraud  the  company. 

The  training  in  trickery  which  is  inherent  to  this  system  may 
have  its  effect  later  on,  when  the  tributer  is  promoted  to  a  higher 
position;  from  having  been  taught  to  consider  that  t^eatin^ 
the  captain  is  perfectly  fair  and  legitimate,  he  may  be  ready  to 
conclude  that  *'  the  whole  art  of  mining  is  fooling  the  public.'' 
And  blunting  of  the  moral  sense  of  the  men  is  an  undoubted 
evil. 

Payment  by  tribute  involves  the  necessity  of  ascertaining  the 
value  of  each  gang's  raisings  separately.  In  the  case  of  tin  ore 
the  percentage  of  cassiterite  is  learnt  by  washing  a  sample  upoL 
the  vanning  shovel,  and  from  the  result  of  this  assay  the  total 
amount  is  easily  reckoned ;  but  with  lead  and  zinc  each  parcel  is 
dressed  by  itself,  and  the  final  lots  of  clean  galena  or  clean  blen<le 
are  weighed  separately,  before  being  mixed  and  made  into  heap^ 
for  sale  to  the  smelter.  This  multiplication  of  small  operations, 
cleanings-up,  and  weighings  naturally  makes  the  cost  of  dressing 
higher  than  it  would  be  if  all  the  ore  were  treated  alike,  ^thout 
regard  to  the  persons  who  had  raised  it. 

Another  objection  to  the  tribute  system  is  that  the  lesseuoii 
amount  of  supervision  for  commercial  purposes  may  tend  to  a 
lessened  amount  of  supervision  for  purposes  of  security  ;  the 
working-place  is  not  visited  so  often  by  the  agent,  and  be  has 
fewer  opportunities  of  pointing  out  to  the  men  possible  dangers 
from  want  of  timbering  or  other  sources.  The  men  sometimef^ 
court  this  lack  of  supervision  by  making  access  to  their  **  pitch  ' 
difficult,  or,  at  all  events,  troublesome.  Lastly,  there  is  an 
element  of  gambling  involved  in  the  tribute  system,  which  it  i> 
scarcely  advisable  to  cultivate.     The  tributer  is  a  specalator. 
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who  hopes  by  a  lucky  hit,  as  comrades  have  done  before,  to 
make  a  lot  of  money  in  a  short  time.  Where  one  succeeds  in  so 
doing,  how  many  fail  ?  According  to  the  report  of  Lord 
Einnaird's  Commission  in  1 864,  the  tutworker  at  that  time  was 
better  housed  than  the  tributer ;  the  moral  of  this  is  that,  on 
the  whole^  it  is  better  for  the  working  miner  to  be  in  receipt  of 
fairly  constant  regular  wages  than  to  trust  to  the  chance  of 
occasional  runs  of  luck. 

The  advantages  accruing  to  a  mine  from  the  tribute  system 
are  far  less  marked  when  there  is  a  lode  of  pretty  even  character, 
than  when  the  deposit  is  fitful  and  uncertain  in  its  nature. 
This  explains,  to  some  extent,  why  the  tribute  system  occupies 
a   less   important   place   in    Cornwall   now   than  it    did   half 
a    century    ago.       Cornish    mines    at    the    present    day    are 
mainly  dependent  upon  tin  lodes,  in  which  the  cassiterite  is 
finely  disseminated  through  a  hard,  close-grained  rock.     The 
consequence  is  that  it  is  impossible  to  do  much  picking  under- 
ground, or  indeed  at  the  suif  ace ;  the  whole  of  the  stuff  raised 
from  the  stopes  has  to  be  sent  to  the  stamp&     For  deposits  of 
this  kind  it  is  more  advantageous  to  employ  the  tutworker,  who 
excavates  the  ground  at  so  much  per  fathom,  than  the  tributer. 
Fifty  years  ago  things  were  different ;    copper  was  then  the 
mainstay   of   Cornwall,  and   the   chief   ore   was   chalcopyrite. 
While   cassiterite  is  a  mineral  well   adapted  for  dressing  by 
water,  chalcopyrite  is  not ;  it  crumbles  to  dust  very  easily,  and 
the  fine  particles  are  liable  to  be  washed  away  with  the  refuse. 
A  large  amount  of  hand-picking  was  required,  in  order  to  save 
as  much  of  the  ore  as  possible  from  treatment  in  water.     The 
care  of  the  tributer  in  the  stopes  of  copper  mines  was  a  matter 
of  vital  importance  in  the  old  days,  and  his  services  were  really 
valuable. 

Where  an  old  mine  is  re-worked  after  a  period  of  abandon- 
ment, the  tribute  system  often  does  good  service,  especially  if 
the  object  is  to  recover  some  mineral  considered  worthless  in 
former  times,  or  when  branches  of  ore  exist  in  the  sides,  after 
the  main  part  of  the  vein  has  been  removed. 

Xn  a  like  manner  it  proved  a  valuable  remedy  in  the  Eureka 
district,  Nevada,  for  evils  which  had  resulted  from  the  plan  of 
working  the  ore  by  day-labourers.     The  ore  occurs  in  bodies  of 
irregular  shape  and  size ;  men  working  by  the  day  had  not  been 
careful  to  get  out  as  much  ore  as  they  might  have  done,  and  others 
-were  induced  by  the  tribute  system   to  extract  the   portions 
remaining  behind,  which  would  otherwise  have  been  lost  alto- 
gether.    Besides  which  it  was  known  that  small  ore-bodies  had 
been  passed  over  as  too  poor  or  too  insignificant  to  be  worth 
removing  in   the   ordinary  way,  but   which  were  quite  good 
enough  to  afford  a  scope  for  the  talents  of  a  man  who  had  a 
direct  interest  in  the  ore  he  got  out.     In  1881  the  men  received 
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$2*50  for  all  ore  assaying  $30  per  ton,  and  50  per  cent  of  al. 
that  it  assayed  above  $30.  Thus  an  ore  worth  I65  per  ten 
brought  to  the  tributer  $2*50  +  $1 7*50,  or  $20.  In  cases  of  thi- 
kind  the  services  of  the  tributer  are  often  requisitione^l  witli 
good  results  to  the  mine ;  that  is  to  say,  when  the  greater  pu-t 
of  the  ore  has  been  extracted  by  some  other  method  of  payment. 
and  when  more  judgment  and  care  are  required  to  ferret  ou*. 
and  take  away  partly  hidden  treasures  distributed  here  aD<l 
there  in  the  workings. 

Under  the  old  Cornish  system  of  tribute,  the  partners  are  aH 
working  men,  who  are  all  employed  in  the  particular  "pitch 
assigned  to  them ;  but  in  Colorado  one  meets  with  a  mo>iifi(^^; 
tion  of  the  method,  in  which  the  actual  miner  avails  himself  ot 
outside  aid,  and  may  or  may  not  employ  labourers  who  have  no 
interest  in  the  venture.  A  party  of  miners  who  have  c(>t^^- 
fidence  in  the  future  resources  of  some  part  of  a  mine,  take  1: 
upon  lease  and  obtain  the  assistance  of  shopkeepers  or  others 
in  the  neighbourhood,  in  order  to  buy  tools,  explosives,  ftH' 
materials,  and  to  have  means  of  living  during  the  unpi^uctive 
stage  of  the  undertaking.  If  the  hopes  of  the  miners  are  realk^^. 
the  sleeping  partners  receive  a  share  of  the  profits;  if  the  specula 
tion  turns  out  badly,  the  miners  have  had  a  bare  subsisteDOt?, 
and  the  petty  capitalists  lose  their  money.  This  system  ha^tif 
advantage  that  it  enables  a  certain  amount  of  dead  work  to  l<^ 
combined  with  the  extraction  of  ore.  Under  the  Cornish  sy^tein 
working  men  will  not  drive  levels  and  sink  shafts  in  unpr^^lu''- 
tive  ground,  because,  however  high  the  tribute  may  be,  ti.e} 
receive  nothing  so  long  as  they  raise  no  ore,  and  they  cann"t 
afford,  on  their  own  resources,  to  spend  weeks  and  month>  'J^ 
making  the  preliminary  openings  which  may  be  required  befcr? 
some  given  block  of  ground  is  made  ready  to  yield  up  its  supp>^' 
riches.  A  little  outside  capital  tides  the  workers  over  then 
difficulty,  and  gives  them  a  chance  of  making  money  by  tn*^ 
exercise  of  their  brains  as  well  as  by  the  expenditure  d  their 
muscular  strength.  The  question  will  be  asked :  How  does>  tr.- 
small  capitalist  guard  himself  against  the  risk  of  having  ^' 
provide  for  the  living  of  some  lazy  miners,  who,  hid'^'^^^ 
below  ground,  are  merely  making  a  pretence  of  workirg- 
In  the  first  place,  he  may  associate  himself  only  *'^';^ 
men  whom  he  knows  and  can  trust,  and  secondly,  he  vi>i^'^ 
the  mine  from  time  to  time,  and  watches  the  progress  of  ^^ 
work. 

The  mine  owner  favours  this  system,  and  even  become?  •* 
partner  himself,  because  he  gets  some  of  his  dead  work  d'^"*^ 
without  any  risk  to  his  pocket.  In  the  case  of  mines  drainei  1 } 
adit-levels  and  swept  through  by  natural  draughts,  as  is  ct*' 
monly  the  case  in  Colorado,  the  mine  owner  is  put  to  no  <>>- 
whatever  for  pumping  or  ventilation,  and  therefore  he  loses  t' 
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money  even  if  the  *'  lease  *'  turns  out  a  failure,  whereas  he  is 
bound  to  be  a  gainer  if  any  ore  is  met  with.  This  method  of 
working  is  especially  suited  to  narrow  veins  of  good  grade, 
where  careful  placing  of  the  shots  is  required  to  keep  the  ore 
clean.  It  also  has  advantages  in  a  district  controlled  by  a  strong 
labour  organisation.  Leases  can  be  granted  by  selection  or  by 
competition ;  and  if  the  leases  are  set  with  judgment  and  fair- 
ness, a  trustworthy  set  of  miners  may  be  kept  about  the  mine. 

The  following  are  two  actual  examples  which  explain  the 
lease  system  very  clearly : — 

Colorado  Lease. 

Profitable  Lease  to  both  Company  and  Lessee.     Company  or  Ovmer 

having  j  interest,  and  Lessee  \  interest. 


LEASE  ACCOUNT. 


Nov.  30.  To  Lessee's  wages  . 

Other  wages 

Supplies,  powder,  &c. 

1 5 1  ore  sacks 

Hoisting,  training,  kc 

Blacksmithing    . 

Hauling  ore  to  mill 
By  Proceeds  of  ore 
To  Royalty 
Dec.  30.    „  Lessee's  wages   . 
„  Other  wages 

Powder,  fuse,  &c. 

100  ore  sacks 

Hoisting,  training,  &c 

Blacksmithing    . 

Hauling  ore  to  mill 
By  Proceeds  of  ores 
To  Royalty 


Net  profit  on  lease 


»♦ 


»» 


»» 


»» 


II 


II 


II 


II 


II 


If 


Dr. 
%  c. 
72*00 
407*00 
19-25 
30*20 

9955 
12*40 

26*70 

1 1 19*40 
78*00 

573«o 

27*05 

20*00 

131*45 
17-25 
36*00 

1735-85 

4405*20 
1305-50 

571070 


6V. 
%    c 


2238*95 


347175 


5710*70 


5710*70 


Lessee  received : 

Wages  for  his  labour 150*00 

\  of  profits 326*40 

Company  or  owner  received : 

Royalty 2855*25 

f  of  profits 979*io 

Cost  of  work  exclusive  of  lessee's  labour  . 

Total    . 


476.40 


3834-35 
« 39995 

5710*70 
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Colorado  Lease. 

Unprofitable  Lease  to  Lessee.     Owner  J  Interest,  and  lessee 

I  Interest. 


LEASE  ACOOUKT. 


Sept.  30.  To  Leasee's  wages  . 
Other  wages 
Powder,  fuse,  &c. 
Hoisting  and  training 
Hauling  ore  to  mill 

By  Proceeds  of  ore 

To  Royalty     . 
Oct.  31.      ,,  Lessee's  wages  . 
Other  wages 
Powder,  fuse,  &c. 
Hoisting  and  training 

„  Hauling  ore  to  mill 
,,  100  ore  sacks 

By  Ptoceeds  of  ore 

To  Royalty      . 
Nov.  30.    „  Lessee's  wages  . 
Other  wages 
Powder,  fuse,  kQ, 
Hoisting  and  training 
Hauling  ore  to  mill 

By  Proceeds  of  ore 

To  Royalty     . 


Loss  on  lease  . 


Thus  the  lessee  received : 

His  wages  for  working  amounting  to 
Less  half  loss  on  lease 

Leaving  him  for  his  work   . 

The  Company  received : 

Royalty  amounting  to         .        . 
Less  half  loss  on  lease 

Net  profit  by  the  Company 


»» 


ti 


»» 


i» 


»» 


»» 


It 


•» 


t» 


tt 


»i 


Dr. 
%  c. 

117*00 

44230 
50-30 

6785 
26*95 

66080 
117-00 
483-90 

66-95 
16-65 

17-35 

535'W 
122*20 

3M*30 
4450 
67-80 

9*20 

661-30 

3846-60 


3846.60 


Or. 
I  c. 


1321160 


io7(r» 


132^*^* 


132?: 

3&^ 


66-:- 


In  the  Festiniog  district  the  men  who  are  excavatmg  s^^*'' 
rock  {rock'men\  and  those  who  are  subdividing  it  into  merchant 
able  slates  {quarry-inen),  are  paid  by  a  method  which  in  princii^^ 
resembles  the  tribute  system.  The  earnings  of  the  men  depet- 
upon  the  value  of  the  stock  of  merchantable  slate  which  tb<^y 
obtain  from  their  working-place  or  "bargain."  At  the  end  ^* 
the  month  the  stock  of  each  partnership  is  counted,  and  tii? 
men  are  credited  with  the  value  of  their  make  according  ^ 


PRINCIPLES  OF  EMPLOYMENT.  765 

a  fixed  tariff.  Thus,  for  instance,  we  may  suppose  that  the 
men  had  made  fourteen  hundred  slates  of  the  size  24!'  x  14'',  at 
278.  6d.  per  thousand ;  for  this  their  account  would  be  credited 
with  ;^i,  1 8s.  6d,,  and  so  on  with  each  size.  On  looking  down 
an  account^  it  will  often  be  found  that  the  men  have  made 
"best"  slates  of  twenty  different  merchantable  sizes,  to  say 
nothing  of  several  kinds  of  ''seconds."  The  total  of  these 
various  items  is  a  first  basis  of  the  amount  due  to  the  partner- 
ship ;  but  as  the  **  rock  "  varies  in  quality  in  the  different  work- 
ing-places, owing  to  the  presence  or  absence  of  joints,  the 
interference  of  quartz  veins,  or  alterations  of  texture,  the  result 
of  a  given  amount  of  labour  must  necessarily  vary  also.  In 
good  rock  the  men  will  make  a  large  quantity  of  '*  best "  slates 
of  large  sizes  ;  elsewhere,  though  working  equally  hard  and 
excavating  quite  as  many  cubic  feet,  they  will  be  able  to  make 
only  slates  of  small  sizes  or  "  seconds"  in  the  place  of  "  bests." 
The  companies  find  the  simplest  method  of  adjusting  these 
differences  is  to  pay  a  premium  or  allowance,  varying  with  the 
quality  of  the  rock  in  each  "  bargain,"  and  determined  at  the 
*'  letting,"  i.e.  at  the  time  of  making  the  contract.  A  "  bargain  " 
may  be  let  for  a  month  or  for  several  months.  The  premium  is 
called  "poundage." 

Thus  to  take  an  actual  case  : — 

£     8,    d. 

Valae  of  the  slate  produced,  at  tariff  prices  16     19     i 

Ponndage,  ids 896 


Total    .        .     £2$      8    7 

The  ''poundage"  of  los.  means  a  premium  of  los.  in  the 
pound  ;  for  every  pound's  worth  of  slate  at  tariff  prices,  the 
workmen  receive  an  additional  half-sovereign ;  in  other  words, 
the  value  of  the  total  make  is  reckoned  at  50  per  cent,  more 
than  the  tariff  prices.  If  the  bargain  is  a  good  one,  the 
poundage  will  be  low ;  if  the  rock  deteriorates  in  quality,  the 
poundage  will  have  to  be  raised  at  the  next  letting. 

Another  example  will  make  this  plainer : — 

£     9.    d. 

Value  of  the  slates  produced,  at  tariff  prices  .        .  9     19    i 

Poundage,  32s.  6d 16      3    6 

Total    .  £26      2    7 

These  two  amounts,  ^25,  8s.  7d.  and  ^£^26,  2s.  7d.,  are  the 
gross  earnings,  in  each  case,  of  four  men  for  a  month,  and  are 
subject  to  deductions  for  materials  supplied. 

In  the  former  case  the  deductions  were :  explosives,  6s.  6d. ; 
fuse,  IS.;  candles,  4s.;  smith,  5s.  iid.;  or  17s.  5d.  in  all,  leaving 
a  balance  of  £2^  iis.  2d.  which  was  handed  to  the  men.  In 
this  bargain  there  were  three  partners,  who  employed  a  labourer, 
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and  worked  twenty-four  days.  The  company  leaves  the  divisioD 
of  the  money  to  the  men  themselves,  but  keeps  an  account  so  as 
to  know  precisely  what  the  earnings  are.  The  recognised  w^es 
of  a  labourer  at  Festiniog  were  4s.  2d.  a  day,  so  the  labourer  was 
paid  j^5,  I.e.  twenty-four  times  4s.  2d.  There  remained,  there- 
fore, a  net  balance  of  ;^i9,  i  is.  2d.  to  be  divided  among  three 
men.  According  to  the  time-book,  these  men  worked  70^  dap 
between  them,  and  therefore  their  average  wages  were  5s.  6d. 
per  man  per  day. 

In  the  other  case  the  account  stood  thus : — 


, 

Z 

c 

Gross  earnings 

•  1 

26 

2 

Deductions. 

Powder          .... 
Rla.sting  gelatine  . 
Detonators    .... 

Fuse 

Candles         .... 
Smith 

L 

"  ..""'' 

10 

6 
6 
0 

4 
6 

1 

1 

I 

>3 
8 

14 
6 

\ 
4 

4 

Net  lialance 

• 

.         . 

24 

4 


n 


Here  there  were  four  partners  and  no  labourer ;  they  msui^ 
94  days  between  them,  or  at  the  rate  of  5s.  2d.  per  man  per 
day.  In  spite,  therefore,  of  the  very  great  difference  in  the 
rock,  the  poundage  was  so  fixed  beforehand  as  to  enable  each 
set  of  men  to  earn  very  nearly  the  same  wage  per  day. 

At   Festiniog   the   partnership   commonly   consists  of  foni 
persons :  two  working  below  ground,  and  engaged  in  getting 
the  slate  rock,  and  two  working  above  ground  in  the  miUs, 
engaged  in  making  the  blocks  into  merchantable  slates.    The 
reason  for  this  arrangement  is  the  fact  that  the  yield  of  diii*' 
from  any  given  block  depends  very  largely  on  the  skill  of  the 
dressers,  and  if  the  splitting  and  making  of  the  slates  were 
confided  to  men  paid  by  the  day,  these  would  have  no  interest 
in  doing  their  best  with  the  material  delivered  to  them.    Noif 
the  men  working  below  ground  can  rely  upon  their  own  partners 
to  work  up  the  blocks  into  slates  with  the  least  possible  los.s . 
the  case  is  a  totally  different  one  from  dressing  a  metallic  ore. 
Owing  to  the  nature  of  the  substance  which  is  being  quarrial, 
the  payment  by  a  varying  "  poundage "  is  free  from  some  of 
the  objections  which  are  inseparable  from  the  *'  tribute  "  system 
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at  ore  mines.  At  the  latter  the  change  in  the  value  of  a  lode 
may  be  so  sudden,  that  a  single  blast  will  convert  a  "  pitch  " 
originally  "  set ''  at  a  tribute  of  two- thirds,  into  one  which 
could  be  worked  profitably  by  the  men  at  one-twentieth.  If 
such  a  change  takes  place  some  time  before  the  end  of  the  con- 
tract, the  men  raise  far  more  ore  than  \vas  thought  possible 
when  the  bargain  was  arranged,  and  make  what  is  known  to 
Oornishmen  as  a  **  start "  or  "  sturt,"  in  other  words,  "  a  big 
haul."  Gases  are  known  in  which  a  party  of  tributers  have 
earned  as  much  as  ;^ioo  each  in  a  month,  instead  of  the 
expected  j£^  or  j£^.  The  possibility  of  such  good  fortune 
naturally  encourages  the  miner  to  take  the  risks  incident  to 
working  upon  tribute,  and  at  the  same  time  prompts  him  to 
deceive  his  superiors  if  he  can.  With  slate,  the  "rockman" 
may  be  favoured  by  unexpected  joints,  and  he  may  be  able  to 
earn  twice  as  much  as  was  expected  when  he  entered  into  his 
contract,  but  he  does  not  get  twenty  times  as  much,  nor  is  he 
liable  to  find  his  "  bargain "  so  suddenly  become  poor  or 
absolutely  worthless  as  may  happen  with  a  copper  lode  in 
Cornwall.  There  are  also  fewer  opportunities  of  hiding 
coming  improvements  from  the  eyes  of  the  agents.  The  result 
is  that  there  are  fewer  attempts  at  concealment,  and  con- 
sequently there  is  less  chance  of  the  moral  feeling  being 
blunted ;  sudden  great  variations  in  the  earnings  are  rare, 
and  the  solution  of  the  problem  of  payment  by  results  seems 
very  satisfactory. 

Premiuma  for  Good  Conduct. — As  a  final  instance  of  the 
payment  of  wages,  may  be  mentioned  that  of  piecework  com- 
bined with  premiums  for  good  conduct.  This  system  was 
introduced  in  1892  at  the  large  stone  quarries  of  Quenast  in 
Belgium,  in  order  to  make  the  men  stick  to  their  work  during 
the  regular  hours,  and  not  absent  themselves  on  the  pretext 
that,  as  they  were  paid  by  residts,  they  could  do  as  they  pleased. 
The  company  instituted  a  higher  rate  of  wages  and  prices 
applicable  only  to  men  who  did  not  leave  the  quarry  during 
working  hours  without  permission.  The  men  soon  discovered 
that  it  was  to  their  advantage  to  get  the  higher  tariff,  the 
public-houses  were  less  frequented,  the  average  earnings  in- 
creased, and  the  company  had  more  work  done. 

Mine  Management. — The  organisation  of  mining  business 
has  been  ably  dealt  with  by  Mr.  Nicol  Brown  and  by  Mr. 
A.  G.  Charleton.  In  addition  to  the  organisation  of  underground 
work,  the  installation  of  mechanical  appliances,  the  supervision 
of  designs  of  buildings,  and  the  application  of  metallurgical  pro- 
cesses, the  manager  should,  according  to  Mr.  Charleton,  particu- 
larly post  himself  in  the  following  matters: — (i)  The  mining 
laws  and  regulations  of  the  district  in  which  the  property  is 
situated,   the  past  history   of  its  mines  and  the  progress  of 
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it8  development.  (2)  Local  labour  problems,  which  influence 
questions  of  management,  such  as  hours  of  work,  wages,  and  an 
adequate  supply  of  efficient  labour ;  the  avoidance,  so  f ar  a;s 
possible,  of  giving  needless  occasion  for  disputes  with  labour 
organisations  by  ill-advised  action ;  seeing,  also,  that  any  funds 
set  apart  for  ^e  benefit  of  the  workmen  are  properly  admin- 
istered. (3)  The  general  mining  and  surface  work  going  on 
to  be  ascertained  by  personal  examination  and  by  studying  the 
reports  that  should  be  submitted  periodically  by  the  various  heads 
of  departments.  (4)  The  developments  in  progress  and  the 
reserve  of  ore  opened  up,  which  should  be  shown  on  an  assay 
plan  and  personally  checked  from  time  to  time.  (5)  The  cost 
of  every  branch  of  work,  as  governed  by  the  way  it  is  laid  out, 
output  of  ore,  price^  and  quality  of  materials  used,  and  the 
wages  and  efficiency  of  the  workmen  engaged  upon  it — all  of 
which  should  receive  constant  attention.  (6)  Matters  of  general 
business  involved  in  carrying  on  local  correspondence,  tel^rams 
on  various  subjects,  letters,  cables,  and  reports  to  the  head 
office,  checking  the  general  accounts,  stores,  invoices,  reports 
of  heads  of  departments,  and  receipts  and  expenditure; 
besides  watching  exchange  when  called  upon  so  to  do,,  and 
making  proper  provision  for  meeting  current  expenses,  out- 
standing indebtedness,  and  future  liabilities.  (7)  The  draw- 
ings and  plans  for  the  erection  or  alteration  of  machinery, 
buildings,  &c.,  mine  surveys,  and  assay  plans.  (8)  The  terms 
of  all  contracts,  specifications,  and  tenders,  so  that  work  ma.^ 
be  executed  properly  and  at  the  lowest  possible  rate. 

It  is  evident  that  if  mining  is  to  be  a  legitimate  prodnctiye 
occupation,  it  must  be  managed  carefully  and  economically  in 
order  to  attain  success.  It  is  to  the  commercial  mind  workin|; 
in  sympathy  with  the  technical  skill  that  much  of  this  success 
will  be  dua 
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Abandoned  mines,  690 
Abyssinian  tube  wells,  151 
Acacia  for  timbering,  242 
Access,  563 

Accessories  for  pumps,  487 
Accident  club,  deduction  for,  729 
Accidents,  at  quarries,  749 

classification  of,  741 

death-rate  from,  735 

in  boring,  145 

non-fatal,  749 

on  the  surface,  748 

underground,  743 
Acetylene  lamp,  552 
Acme  pick,  167 
Acts  of  Parliament,  687 
Adelaide  drill,  209 
Adhesion    applied      in      dressing, 

649 
Adit  levels,  462 
Adventitious  finds,  103 
Aerial  ropeways,  404 

incline,  431 
Aetna  low-tension  fuse,  234 
Agglomeration,  605 
Anrica,  timber  used  in,  243 
Air,  composition  of,  509 

dust  in,  516 

friction  of,  543 

pollution  of,  514 

velocity  of,  540 
Air-brake,  401 
Air-compressors,  179 
Air-current,  resistance  to,  543 
Air-drying,  634 
Air-hose,  186 
Air-lock,  294 
Air-mains,  184 
Air-pipe,  523 
Air-pump,  529 
Air-reservoir,  183 
Air-sollar,  522 

Air-space  required  per  man,  712 
Alabaster,  occurrence  of,  51 
Alder,  for  timbering,  243 
Alkali  Acts,  698 


Alluvial  beds,  working  of,  309 
Alta,  10 

Altered  vegetation,  114 
Altitudes,  risks  of  high,  728 
Alum,  19,  94 
Alunlte,  19 
Amalgamation,  659 
Amber,  dressing  of,  661 

occurrence  of,  20,  94,  102 

working  for,  322 
Ambulance  corps,  751 

training,  750 
American  mining  law,  702 

phosphate  kiln,  636 

pitch  pine,  243 

system  of  boring,  151 
Ammonite,  229 
Anemometers,  540 
Angle  for  ladders,  567 
Angstrom's  air  compressor,  180 
Animal  power,  384 
Animals  as  indicators,  115,  124 
Animals  destructive  to  timber,  245 
Ankylostomiasis,  727 
Annual  returns,  695 
Anomalies  in  mineral  deposits,  17 
Anticlinals,  88 
Antimony  ore,  liquation  of,  661 

occurrence  of,  20,  94 
Antiseptics  applied  to  timber,  246 
Apatite,  66,  670 
Apex,  45,  702 
Arc-lamps,  561 
Ardeer  powder,  222 
Argall  tubular  roaster,  658 
Armstrong's  electric  signalling,  570 
Arrastra,  597,  661 
Arrault's  free-falling  tools,  144 
Arsenic  ore,  calcination  of,  661 

dust  from,  724 

occurrence  of,  20 
Arsenical  sores,  722 
Artificial  ventilation,  527 
Asbestic,  661 
Asbestos,  dressing  of,  661 

occurrence  of,  20,  94 
Ascensional  theory  of  mineral  de- 
position, 14 
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ABoent  of  minera,  $63 
Ash  worth  lamp,  538 
Aspen  for  timbering,  243 
Asphalt,  dreanng  of,  662 

mining  of,  341 

occarrence  of,  21, 94 
AsflOciaUion  of  minerals,  106 
Atmosphere  of  mines,  509 
Atmospheric  weathering,  652 
Attachments,  427 
Attle,  267 
Angers,  126,  169 
Annferoos  gravel  woridngs,  311 
Anstralian  mine  timber,  244 

paddling  machine,  576 
Automatic  damping  cage,  444 

■kip.  437 

stopping  gear,  450 

water-tanks,  466 
Axles,  attachment  of,  380 

lubrication  of,  381 

B 

Back  of  lode,  115 

Backstay,  420 

BagnaU's  sleeper,  374 

Bailer,  431 

Baird*8  machine,  217 

Balanee-bob,  487 

Ball-grinders,  598 

Ball- Norton  magnetic  separator,  646 

Ball  stamp,  593 

Band-wheel,  152 

Banket,  39 

Barracks  for  workmen,  710 

Barrow  drill,  199 

Bartsch  concentrator,  627 

Barytes,  22 

dressing  of,  663 
Baskets,  431 
Batea,  576 
Bath  stone,  39 
Baths,  shower,  717 
Baum's  pneumatic  jig,  632 
Baxter  stone-breaker,  585 
Beard-Mackie  gas  tester,  539 
Beaumont's  tunnelling  machine,  220 
Bed- planks,  431 
Bed-rock,  337 
Beds,  5,  327 

Beech  for  timbering,  243 
Bell  pits,  330 
Bellite,  222 
Bell-screw,  141 
Belt,  endless,  628 
Belts,  picking,  588 
Benching,  330 

Benzine  in  ozokerite  preparation, 65  2 
Benzine-locomotive,  386 


BibUographj,  93,  123, 163,  240,  301. 
368, 409,  455,  507,  547,  562,  573, 
680,  703.  734,  75*.  768 
Bickle  drill.  197 
Biiam's  anemometer,  540 
Birch  for  timbering,  243 
Bismuth  ore,  dresnng  of,  649 
Bit  for  hand-boring,  1 72 
Bits  for  machine  drills,  196 
Bituminous  limestone,  21, 662 
Black-damp,  510 
Blake's  stone-breaker,  584 
Blast,  large,  308 

Blast-furnace  slag  for  stowing,  341 
,  Blasting,  230 
Blasting  gelatine,  228 
Bleaching  barytes,  652 
\  Blende,  dressing  of,  675 

occurrence  of,  85 
[  Blondin  for  raising  stone,  431 
Blne-g^und,  36,  361 
Blue-gum  for  timbering,  244 
j  Bluestone  of  Anglesey,  32 
i  Boato,  394,402 
I  Bobbin  or  reel,  420 
'  Bochkoltz  regenerator,  488 
Boiler  Explosions  Act,  699 
Bonanza,  11 
Booming,  31 1 
Boots,  708 
Borax,  22,  94 

preparation  of,  663 
Bord,  334 
Bore-holes,  322 

deviation  of,  160 
draining  by,  464 
lining,  145 
Borers,  172 
Boric  acid,  24 

preparation  of,  663 
Boring,  126 

by  percussion,  138 
by  rotation,  126 
Boring-rods,  138 
Bosseyense,  199 
Bowk,  434 

Box  electric  drill,  211 
Brain's  high-tension  fuse,  233 
Brandt  drill,  192 
Brattice,  523 
Breakers,  stone,  583 
Breaking  ground,  165 
Breaking  up  minerals,  581 
Breast-lxMiris,  252 
Bremer  arc  lamps,  561 
Brick  linings  for  levels,  267 

for  shafts,  268 
Bridge-rails  as  sleepers,  374 
Bridgman  ore  sampler,  680 
Brine,  evaporation  of,  65 1 
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Brine  Pumping  Act,  699 

wells,  324 
Briquettes  of  iron  ore,  668 

of  salt,  672 
Briscale,  112 
Broach,  214 
Brown  furnace,  658 
Bruccioni,  109 
Brttckner  furnace,  657 
Brunton  calciner,  637,  656 

cloth,  627 

sampling  machine,  679 

tnnneller,  220 
Buchanan  magnetic  separator,  646 
Bucket  of  lifting  pump,  478 
Buckets,  430,  568 
Bucket-dredges,  190 
Bucking,  583 

Bucyrus  Company's  dredge,  189 
Buddies,  629 
Bulkhead,  313 
Bull,  173 
Bull  engine,  470 
Bullock  Manufacturing  Co.'s  drill, 

136 
Bull-wheel,  152 
Bunches  of  ore,  10 
Buntons,  253 
Bnrckhardt  and  Weiss  compressor, 

181 
Buss  vanning  table,  627 
Butterfly  valve,  482 


0 


Cage,  443,  568 

Calamine,  18,  S7,  658 

Calamine  pansy,  113 

Calcarone,  640,  673 

Calcination,  654 

Caliche,  62,  304,  650,  669 

Calyx  drill,  137 

Cameron  pump,  505 

Canadian  system  of  boring,  148 

Cancer  of  lungs  among  miners,  721 

Candle  holders,  550 

Candles,  549 

Cap,  in  timbering,  247 

on  flame  of  lamp,  537 
Capell  fan,  531 
Capping  ropes,  429 
Capstan  for  hoisting,  411 

for  pumping  machinery,  491 
Carbolineum,  246 
Carbonas,  83 

Carbonic  acid  gas,  24,  322,  509,  663 
Carbonite,  228 
Camallite,  occurrence  of,  69 
Carriage  of  injured  persons,  750 

minerals  by  persons,  371 


Carri^re,  definition  of,  i 
Carr's  disintegrator,  600 
Cars  or  waggons,  377 
Cartridges,  hydraulic,  222 

lime,  222 
Cartridge-stick,  176 
Carts,  372 
Casing  boards,  253 
Cassiterite,  minerals  associated  with, 

106 
Cast-iron  columns,  272 

lining  for  soft  strata,  280 
lining  for  tunnels,  276 
Catches,  490 

Caving  method  of  mining,  327 
Cementation,  658 
Centrifugal  concentrator,  633 
grinders,  601 
pumps,  500 
sluicing,  320 
ventilators,  531 
Chains,  427 
Chaml^ring,  177 
Chance  discoveries,  102 
Change  of  dip,  13 

strike,  13 
Changing  house,  715 
Channelling  machines,  214 
Chapean  en  fer,  109 
Charging-spoon,  175 
Chase  magnetic  separator,  642 
Cheddite,  222,  224 
Cheeks  or  walls  of  a  lode,  10 
Chemical  dressing  processes,  650 
Chert,  dressing  of,  665 
Chesneau  lamp,  538 
Chilian  mill,  598 

Chilled  cast-iron  shot,  use  of,  for 
boring,  137 
wheels,  379 
Chimney  built  over  shaft  for  ven- 
tilating, 519 
China-clay,  25 

discovery  of,  103 
dressing  of,  663 
drying  of,  634 
workings  in  Cornwall,  310 
Chlorate  mixtures,  224 
Chocks,  260 

Chromic  iron  in  New  Caledonia,  26 
Churns,  Forest  of  Dean,  359 
Chute,  II,  370 
Cinnabar,  occurrence  of,  7 1 
Circular  saw,  215 

shafts,  238,  524 
Clack,  477 

-piece,  477 
seat-piece,  477 
Clanny  lamp,  556 
Clarkson's  rapid  sampler,  679 
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ClarksoD-Stanfield  concentrator,  633 
Classification  of  dressing  processes, 

575 
mineral  deposits,  3 

rooks,  3,  4 
Clay.  25,  94 
Claying  bar,  176 
Clay  ironstone,  calcination  of,  654 

weathering  of,  653 
Clays,  dressing  of,  663 
Clay-slant,  235 
Cleaning    ap,    hydraulic    mining, 

3»7 
Cleavage  of  slate,  So 

Cleris,  428 

Climax  drill,  198 

Clinograph,  Macgeorge's,  x6o 

Cllnostat  or  dip-recover,  160 

Clogs,  709 

Clothing   for   men   engaged    near 

machinery,  709 

of  miner,  707 

when  cleaning  arsenic  flaes,  709 
Clowes  hydrogen  lamp,  538 
Clubs,  deductions  for  accident,  729 
Clutch,  391 
Coal  Mines  (Check  Weigher)  Act, 

697 
Coal  Mines  Regulation  Act,  694 

accident  statistics  under,  737 
Col>alt  mines,  cancer  of  lungs  among 
miners,  724 

ore,  26,  102 
Cobbing,  582 
Coffering,  284 
Cogs,  260 
Cold  at  mines,  706 
Colcmanite,  24 

Cologne  Rottweiler  powder,  222 
Colorado,  lease  system  in,  763 

tribute  system  in,  762 
Colorados,  109 
Colour  as  an  aid  to  the  prospector, 

108 
Comparative  mortality  figures,  719 
Compound  for  native  miners,  713 

engines,  414,  471 
Compressed  air  cartridge,  222 

locomotives,  385 

loss  of  power  from  use  of,  1 79 

pipes,  185 

pumping  with,  501 

rending  rock  with,  222 

reservoir,  183 

sinking  by  aid  of,  294 

stamps,  592 

transmission,  477 

use  for  ventilating  workings,  530 

winding  engines,  416 
Compressors,  air,  179 


Concentrator,  centrifugal,  633 

Clarkson  and  Stanfield,  633 

Bmbrey,  628 

Overstrom,  626 
Concrete  blocks,  269 
Condition  of  miner,  705 
Congenial  beds,  1 1 
Conglomerate,  copper>bearing,  35 
Conical  grinders,  601 
Conkling  n^agnetic  separator,  643 
Consoli£ition,  605 
Conveyors,  395 
Convolvulus  altlueoides,  114 
Co-operative  pumping,  506 

societies,  733 
Copper,  extraction  of,  in  soIqUod, 
326 

precipitation  of,  664 

mines  affected  by  Alkali  Acts, 
698 

ore,  dressing  of,  664 

occurrence  of,  27,  95,  102 
Core-drills,  131 
Cores,  146 

Corf,  derivation  of  term,  431 
Cornish  *'  dry  "  for  china  clay,  634 

miner's  boot,  708 
hat,  707 

pumping  engine,  470 

rolls,  595 
Cornwall,    annual    death-rate    of 
miners,  719 

county  adit,  463 

dressing  of  tin  ore  in,  674 

gozzans,  109 

royalties  in,  686 

tin  lodes  of,  6 
Corrosive  water,  pumps  for,  480 
Corundum,  95 
Cost  of  aerial  ropeway,  409 

antiseptic  treatment  of  timber, 
246 

barracks  for  workmen,  712 

boring,  135,  150,  156 

coffering  shaft,  285 

co-operative  pumping,  507 

cottages,  715 

driving  levels,  237 

electric  haulage,  394 

food  for  workmen,  712 

sinking  through  watery  stxmt^ 
288 

steel  supports  for  levels,  274 

working  man-engine,  573 

working  gold-bearing  giavel. 
California,  320 
Costeaning,  121 
Cottages,  713 

Counterbalancing  weight  of  piunp» 
rods,  487 
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Counterbalancing  rope  in  winding, 

418 
Counterpoise  for  rods,  variable,  487 
Country,  definition  of  term,  5,  10 

influence  of,  on  lode,  12 
County  adit,  Cornwall,  463 
Course  of  ore,  definition  of,  1 1 
Cowenhoven  tunnel,  464 
Creeps  328 
Crib,  or  curb,  268 
Cross-course,  or  fault,  91 
Crowbar,  165 
Crow's-foot,  145 

Crump  and  Brereton's  machine,  215 
Crusher,  594 

Cornish,  595 

Dodge,  586 
Cryolite,  304 
Crystalline  schists,  3 
Crystallisation,  650 
Curb,  cast-iron,  284 
Curtis  steam-turbine,  473 
Cutting  tools,  138 
Cuvelier's  lock  for  safety  lamps,  559 
Cyclone  pulveriser,  602 


D 


DAHMBNITE,  222 

Dams,  458 

Darkness,  working  in,  549 
Darlington  drill,  207 
Dauntless  diamond  drill,  136 
Davey's  differential  engine,  496 
Davis'  calyx  drill,  137 

self-timing  anemometer,  540 
Davy  lamp,  555 
Daw  compressor,  183 

drill,  197 
Day-level,  462 

Daylight,  working  by  reflected,  549 
De  Laval  steam  turbine,  473 
Deads,  267 
Deane  pump,  505 
Death-rate  of  miners  from  accidents, 

736 
Death-rates,    aimual,    for    various 

trades,  719 

Deep  leads  of  Australia,  85 

Deflection  magnetic  separator,  648 

Deposition  from  solution,  formation 

of  veins  by,  14 

Derbyshire,  Mining  Acts    relating 

to,  686 

Derrick    for  boring  by  percussion 

with  rods,  140,  149 

by  rotation,  127 

with  rope,  152 


Descent  and  ascent  of  miners,  563 
Desiccation  in  dressing,  633 
Detaching  hooks,  448 
Detonators,  230 

Diamond,  substitutes  for,  for  drill- 
ing. 137 
Diamond-bearing  rock,  dressing  of, 

665 

method  of  working,  361 

weathering  of,  652 
Diamonds,  discovery  of,  102 

occurrence  of,  36,  95 

washing  machine  for,  576 
Diamond  drill,  131 

core  extractor,  131 

cost  of  boring  by,  134 

crown,  131 

for  boring  holes  for  blasting, 

137 
prospecting,  135 

Dickinson's  anemometer,  540 

water-gauge,  541 
Die  of  stamp,  591 
Dig,  definition  of,  10 
Dip,  definition  of,  5 

influence  of  change  of,  on  veins, 

13 
Diploma  in  mining,  698 

Dipping-needle,  120, 125 
Discovery  of  minerals,  102 
Diseases  caused  by  arsenical  min- 
erals, 724 

inhalation  of  dust,  720 

ladder  climbing,  723 

lead  ores,  722 

quicksilver  ores,  723 
Disc  machine,  215 
Disintegrators,  600 
Ditches,  311 
Dividings,  253 
Diving  for  minerals,  322 
Divining  rod,  120,  124 
Doctor,  deduction  for,  729 
Docwra  diamond  crown,  131 
Dodge  crusher,  586 
Dolcoath  mine,  Cornwall,  347 
Dolly,  or  swage,  196 
Dolly  tub,  or  keeve,  610 
Double-beat  valve,  483 
Douglas  spruce,  244 
Downcast  shaft,  519 
Downthrow,  91 
Dowsing  rod,  120,  124 
Drainage,  457 

by  adit,  462 

by  pumps,  468 

by  siphon,  464 

by  winding  machinery,  465 
Drawing  lift,  482, 
I  Dredges,  190,  240,  322 


784 


INDEX. 


Dressing,  574 
Drift  mining,  337 
Drill,  ratchet,  169 

sharpeners,  196 
Drills,  automatic  rotation  of,  206, 

207 

classification  of,  197 

diamond,  193 

electric  percussion.  210 

for  boring  by  hand,  172 

percnssive,  194 

rotary,  192 

sharpening,  172,  196 

steel  for,  172 
Drive-pipe,  155 
Driven  wells,  151 
Driving  levels,  234 

tannels  in  soft  ground,  280 
Dmms  for  winding,  417 
Dry  blowing,  631 

compressors,  181 

crushing,  666 

for  China  clay,  634 

or  changing  house,  715 

rot,  prevention  of,  246 
Drying  of  minerals,  633 
Dubois   and  Francois  compressor, 
180 

boring-ram,  199 
Duck  machine,  530 
Dumb  fault,  87 
Dunbar  and  Ruston's  steam  navvy, 

188 
Dust    in    mines,    evil    effects    on 
health,  720 

in  air  of  mines,  516 
Duty  of  the  miner's  inch,  319 

of  pumping-engines,  505 
Dykes,  definition  o^  14 
Dynamite,  227 

danger  from  exudation,  227 

pan  for  thawing,  227 


E 


Eadis  k  S0N8'  joint  for  pipes,  185 

Eclipse  drill,  200 

Edffe-runners,  598 

Bdison*s  magnetic  separator,  643, 

648 
Education,  717,  734 
Edwards  furnace,  658 
Efficiency  of  fans,  542 
Ehrhardt  and  Sehmer  pump,  50 
Electric  drill,  Marvin,  210 

ligbt,  559 

locomotives,  400 

railways,  393 


Electricity,  firing  by,  233 
pumps  worked  by,  477 
transmission  of  power  bj,  186. 

477 
winding  by,  416 

Elephant  stamps,  592 

Elliott  drill,  169 

multiple  wedge,  221 
Elmore  oil  process,  649 
Embrey  concentrator,  628 
Emery,  boring  with,  137 
Employers'  lability  Act,  699 
Emplojrment  of  Children's  Act,  699 
End,  ventilation  of  an,  520 

going  into,  after  blasting.  723 
Endless  chain  of  haulage,  393, 400, 
401 

rope  system  of  haulage,  389 

rope  hoists,  453 
End-piece,  252 
Entombed  miners,  745 
Equilibrium  tube,  291 
Erigonum  ovalifolinm,  114 
Ernst  August  StoUn,  462 
Eucalyptus,  species  u^d  for  minifig 

purposes,  244 
Europe,  trees  used  for  mining  par- 
poses,  242 
Evans  and  Veitch  pump,  502 
Evans  pump,  497,  505 
Evaporation  of  brine,  650 
Excavating  by  water,  239 

machinery,  188 
Excavation     of    minerals    under- 
ground, 326 

under  water,  322 
Excavations,  supporting,  242 
Exploitation,  303 
Explosions  in  air-compressors,  183 
Explosions  of  fire-damp,  510,  741 
Explosives,  accidents  from,  723 

strength  of,  229 

used  in  mining,  222,  241 
Explosives  Act,  691 
Express  pump,  503 
Extraction  of  minerals  by  weUs  and 
bore-holes,  322 


Faotoby  and  Workshop  AcU,  700 

Fahlbands  at  Kongsbergr,  1 1 

Fall  in  water,  mineral   separation 

by,  210 
Falls  of  ground,  accidente  from,  742 
Falun,  torches  used  at,  551 
Fans,  531 

efiiciency  of,  542 

use  of,  in  dressing,  632 
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Fauck  method  of  boring,  142 

Faults,  87,  loi 
length  of,  90 

measurement  of  throw  of,  89 
recovery  of  lost  part  of  bed,  89 
recovery  of  lost  part  of  lode  or 

vein,  91 
reversed,  91 

variations  of  throw  along  the 
strike,  90 

Feeders  or  droppers,  1 1 

Fencing  Act,  Quarry,  700 

Fend- off  bob,  475 

Ferraris  table,  627 

Filling  up,  working  with  complete, 

341 
Fir,  Scotch,  243 

Fire-clay,  25 

weathering  of,  653 
Fire-damp  found  in  ore  mines,  510 

testing  for,  538 
Fireless  locomotives,  385 
Fires,  accidents  from  underground, 

744 

in  sulphur  mines,  Sicily,  341 
Fire-setting,  238,  241 
Firing  by  electricity,  234 

explosives,  230 
Flare  lamp,  552 

Flat-rope,  winding  with  the,  420 
Flattened  strand  wire  rope,  426 
Flint,  dressing  of,  665 

-mills,  6co 

mining  at  Brandon,  Suffolk,  38 
Floating  reef  in  Kimberley  diamond 

mines,  37 
Flooded  workings,  breaking    into, 

747 
Flookan,  explanation  of  term,  14 

Floor  of  a  bed,  definition  of,  5 

of  changing  house,  715 
Flow  along  pipes,  371 
Flume,  311 
Fluted  rolls,  597 

Fly-wheel  for  pumping  engines,  471 
Food  for  horses,  384 
Foot  wall,  definition  of,  10 
Force  pumps,  477 

Forest  of  Dean,  method  of  working 
haematite  masses,  360 

Mining  Acts  relating  to,  687 
Fork,6c6 

Form  of  the  ground  indicating  de- 
posits, 107 
Formation  of  mineral  veins,  13 
Formations  or  classes  of  lodes,  16 
Frames  for  dressing,  620 

for  levels,  steel,  277 

for  shafts,  252 

wood,  259 


Franke  drill,  202 
Franke's  mechanical  chisel,  212 
Free-falling  tools,  143 
Free-milling  ores,  no 
Freestone,  39 

mode  of  working,  329 
Freezing  method  of  sinking  shafts, 

295 
French  miner's  hat,  708 
Friability,  use  of,  in  dressing,  650 
Friction  due  to  sides  of  airway,  544 
Friedrichssegen  magnetic  concen- 
trator, 647 
Froding  magnetic  concentrator,  649 
Frongoch  jigger,  614 

self-discharging  skip,  442 

separator,  616 
Frozen  dynamite,  227 
Frue  vanner,  627 
Fuller's  earth,  25 

dressing  of,  663 

kiln,  636 
Fulminate  of  mercury,  229 
Furnace,  Brunton's,  637,  656 

roasting,  657 

ventilation,  527 
Fumess    district,  temporary    dam 

used  in,  458 
Fuse,  electric,  233 
Fusion,  639 

method  of  sulphur  mining,  641 


G 
Gad,  168 

Galena,  dressing  of,  668 
Galloway's  automatic  water  tank, 
466 

double  walling  stage,  435 

method  of  guiding  kibble,  434 

pneumatic  water-barrel,  466 

steel  tram,  382 

winding  drum,  417 
Gangue,  10 
Gardner  drill,  211 
Garland;  285 

Gas  for  underground  lighting,  559 
Gas-engine,  416,  473 
Gaseous  and  liquid  emanations,  112 
Gases  produced  by  decomposition 
of  gun-cotton,  225 
of  nitro-compounds,  225 

explosion  of  gunpowder,  223 

in  mines,  509 

produced  from  blasting,  515 
Gates  crusher,  586 
Gelatine  dynamite,  228 
Gelignite,  228 

Geology  as  a  guide  to  minerals,  105 
Geothermal  gradient,  517 
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German  miner's  hat,  708 
Germany,    death-rate    from    acci- 
dents in,  736 

Law  of  Insurance  in,  731 
Gillott  and  Copley's  machine,  215 
Gill  furnace  for  8u^)hur,  641 
Githen's  system  of  boring,  177 
Gobert's  freezing  process,  300 
Gold,  amalgamation  of,  659 

associated  minerals,  95 

in  gozzan,  109 

modes  of  occurrence,  39,  102 

ores,  treatment  of,  666 
Gold-bearing  gravel,  mining,  311, 
320 

yield  of,  321 
Good  conduct,  premiums  for,  767 
Gooseneck,  427 
Gouge,  definition  of,  10 
Gozzan,  108 
Grab  dredges,  191 
Graded  milling,  666 
Graphite,  48,  96 

dressing  of,  666 
Gravitation  stamps,  589 
Greathead  shield,  280 
Grease  used  in  dressing  minerals, 

649 
Greaves*    circular    slate  •  dressing 

machine,  605 
Grey  box,  244 
Griffin  mill,  602 
Grime's  gpraves,  39 
Grinders,  ball,  598 

centrifugal,  601 

conical,  601 
Grit  mills,  600 

Grip  for  withdrawing  borer,  172 
Grizzly.  606 

Grondal  magnetic  concentrator,  648 
Groove-cutting  machines,  214 
Grooves  cut  by  circular  saw,  215 

travelling  rock  drills,  214 

made   by  endless   chain  with 
cutters,  217 

revolving  bar  with  cutters,  219 

wire  saw,  217 
Grusonwerk  ball  grinder,  598 
Gudgeon,  487 
Guibal  fan,  531, 
Guides  for  shafts,  434 
Guillotine  slate-dressing  machine, 

60s 
Guinotte  pumping-engine,  471 
Gun  for  clearing  bore-holes,  175 
Gun-cotton,  225 
Gun-metal  pipes,  480 
Gunpowder,  222 

charging  holes  with,  230 

products  of  explosion  of,  223 


Gunpowder  Act,  Slate  Mines,  691 
Gutermuth  valve,  505 
Gutta-percha  packing  for  pamp,  47S 
Gypsum,  48,  96 

calcination  of,  654,  667 

discovery  of,  105 

dressing  of,  667 

quarries,  Paris,  328 


H 


Haase  process  of  sinking  shafts, 

301 
Hade,  definition  of,  9 
Hadfield  and  Jack's  stone-breaker, 

586 
Haematite,  dressing  of,  667 

method  of  working,  360 

searching  for,  by  probing,  122 
Haeuser    process    for   sinking    in 

quicksand,  301 
Haggle's  patent  Protector  rope,  425 
Hake*s  month  valve,  482 
Half -moons,  478 
Halkyn  drainage  level,  463 
Hall's  stone-breaker,  586 
Hammers  for  boring  by  hand,  173 
Hanarte's  air-compressor,  180 
Hand-barrows,  397 
Hand-drilling,  173 
Hand-picking,  578 
Hand-power  diamond  drill,  135 

rotary  drills,  169 
Hand-sampling,  676 
Hand-sieves,  S06 
Hand-tools,  165 
Hang-fire,  230 

Hanging  wall,  definition  of,  10 
Haniel  and  Lu^'s  kepe,  445 
Hartz  blower,  530 

foreman's  lamp,  552 

jig,  614 

miner's  lamp,  551 
Hat,  miner's,  707 
Hatches  of  water-wheel,  413 
Haulage,  370 

electric  railways,  393 

endless  chain,  393,  400 

endless  rope,  389 

horse,  384 

locomotive,  385,  400 

main  and  tail  rope,  388 

single-rope  system,  387 
Head-gear,  420 
Heat  in  mines,  517,  706 

of  workings,  influence  on  health, 
726 
Heated  floors,  drying  on,  634 
Heave,  88,  91 
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Heave  of  vein  sideways  caused  by 

slip  along  line  of  dip,  91 
Heavy  spar,  bleaching  of,  652 

occarrencei  22 
Heberwasche,  618 
Heclon  breaker,  586 
Helicoidal  wire  saw,  217 
Hepple white-Gray  lamp,  557 
Hercules  powder,  227 
High-speed  stamps,  592 

-tension  fuse,  234 
Hirnant  drill,  197 
Hitches,  168,  247 
Hockin      and      Oxiand     calciner. 

656 
Hoffman  magnetic  separator,  643 
Hofmann  kiln,  655 
Hoist,  Blanchet's  pneumatic,  455 
Hoist,  Koepe,  453 
Hoist,  Whiting,  453 
Hoisting,  410 
Holes,  arrangement  of,  for  driving 

and  sinking,  236,  238 
Holman  drill,  197 
Honigmann  soda  locomotive,  386 
Hooks,  detaching,  448 
Hoover  and  Mason,  ore  handling, 

404 
Hoppet,  434 

Hornbeam  for  timbering,  243 
Horned  sets,  248 
Horse  in  lode,  definition  of,  10 

whim,  412 
Horses,  haulage  by,  384 
Hospitals,  732 
House,  changing,  715 
Housing  of  workmen,  710 
Howard's  steel  sleeper,  373 
Howell's  steel  tube  prop,  283 
H-piece,  480 
Hulett  steam    hydraulic  machine, 

404 
Humble's  detaching  hook,  448 
Hund,  373 

Hunt  ore-handling  system,  404 
Huntington  mill,  601 
Hurd's  machine,  219 
Hurricane  lamp,  552 
Hurry,  364 

Husband's  stamps,  592 
Hushing,  122 
Hydraulic  cartridge,  222 

drill,  192 

elevator,  317 

lock  for  safety  lamps,  559 

mining,  239,  310,  369 

power,  178,  186 

sluicing,  320 

transmission    of     power,     186, 
476 


Hydrogen  flame  used  in  testing  for 
fire-damp,  538 


I 
Ice,  49 

Ilgner  electric  winding  engine,  417 
Illicit  Diamond  Act,  713 
Incandescent  lamps  in  shaft  sink- 
ing, 560 

portable,  559 
Inch,  miner's,  319 

Inclination  of  a  level,  effect  of,  on 
ventilation,  520 

of  underground  road,  377 
Incline,  natural  ventilation  of,  520 
Inclined  planes,  accidents  on,  747 

underground,  398 

shafts  sunk  on  lode,  344 
Inclines,  327 

self-acting,  398 
Indications  of  fire-damp,  538 
Indicative  plants,  123,  124 
Indicator  for  winding-engines,  447 
Indicators  at  Ballarat,  12 
Inflammable  gas,  58,  510 
I  ngersoU- Sergeant    bar-channeller, 
212 

air-compressor,  182 

rock-drill,  205 
Injection  compressors,  180 

of  veins,  14 
Intersection  of  veins,  1 1 
Inversion  of  strata,  88 
Inverted  saddle-reefs  of  Victoria,  46 
Iron  and  steel  supports  for  levels, 
272 

shafts,  280 

working  places,  283 
Iron-bark,  244 
Iron  liat,  or  gozzan,  loS 
Iron  ladders,  566 

Iron  mines.  Forest  of  Dean,  method 
of  working,  360 

North  Lancashire,    method  of 
working,  363 
Iron  ores,  dressing  of,  667 

occurrence  of,  49,  97,  103 

open  workings,  304 
Iron  pump-rods,  491 
Iron  pyrites,  83 

mining,  328 
Iron  rails  used  for  supporting  roof 

of  level,  273 
Iron    rings    for    supporting    shaft 

linings,  280 
Iron  rods  for  boring,  138 
Ironstone  blows  (Australia),  109 
Ironstone,  method  of  working,  334 

miner's  cap,  708 
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Irmptions  of  water  into  mines,  747 

Itabirite,  43 

Italy,  mining  law  in,  1,2 


Jacket,  miner's,  709 
Jacobi's  stove,  636 
Jacom^ty  and  Lenicque's  separators, 
616 

table,  623 
Jacotinga,  42 
Jad, 329 

Jan  Ham's  clack,  482 
Japan,  torches  used  in,  551 

working  by  reflected  daylight 

in.  549 
Jarrah,  244 

Jars,  153 

Jaw-breakers,  583 

Jeffrey  machine,  217 

Jet,  97 

Jigger,  611 

pneumatic,  632 
Jiggers,  discharge  of,  613 
Jog,  252 
Joint  for  air- mains,  184 

for  wooden  rods,  473 
Jumper,  171 


K 


Kainite,  occurrence  of,  69 
Kaiser   Josef  Erbstolln,  Hungary, 

462 
Kaiser  Josef  II.  adit,  Przibram,  462 
Karlik  speed- measurer,  570 
Karri  for  timbering,  244 
Kaselowsky  pump,  477 
Kauri  gum,  searching  for,  by  pierc- 
ing, 122 

pine,  244 
Keeve,  or  dolly-tub,  610 
Keps,  445 

Kessler  magnetic  separator,  644 
Kibble,  430 
Kieselguhr,  227 
Kiln,  American  phosphate,  636 

fuller's  earth,  636 

Hofmann,  655 
Kilns  for  drying,  636 
Kimberley    mines,    compound   for 

native  workmen,  713 
Kincaid      &     M'Queen's     bucket 

dredger,  190 
Kind,  free-falling  tool  for  boring, 
144 

-Chaudron  process  of  sinking 
shafts,  288 


King  and  Humble*8  detaching  book, 
448 

King-post,  487 

King's  magnetic  sepaiator,  647 

Kitson  lamp,  554 

Kitto,  Paul  and  Nancarrow  self-dis- 
charging skip,  442 

Kley  engine,  471 

Knots  in  lead-bearing  sandstone,  54 

Knowles  pump,  497,  505 

Knox  system  of  boring  boles  for 
rending  stone,  176 
of  charging  holes,  232 

Koepe  winding,  453 

Koerting  aspirator,  530 

Krom  rolls,  594 

Krom's  pneumatic  jig,  632 

Krom's  stove,  637 


Laboub,  principles  of  employment 

of  mining,  685,  752 
Ladder-climbing,    diseases   caused 

by  excessive,  723 
Ladders,  564 

iron,  566 
Lagging,  248 

Laidler's  sector  wire-rope,  427 
Lamm  and  Franck's  fireless  loco- 
motive, 385 
Lamp,  acetylene,  552 

bremer,  561 

electric,  560 

flare,  552 

Hartz  foreman's,  552 

HartK  miner's,  551 

Hurricane,  552 

Kitson,  554 

magnesium  ribbon,  553 

Mansfeld,  552 

Nernst,  560 

safety,  5J4 

Saxon  miner's,  552 

Scotch,  552 

Sicilian,  551 

United  States,  552 
Lander,  436 
Lang's  wire  rope,  425 
Larch    for  timbering    excavation?. 

242 
Lashings,  253 
Latob    and    Batebelor's    flatten€i\ 

strand  wire  rope,  426 
Ijateral  secretion  theory  of  forma- 
tion of  mineral  veins.  14 
Laths,  258 
Lead  ores,  dressing  of,  668 

modes  of  occurrence,  54,98 
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Lead  ores,  state  of,  in  gozzan,  108 

plant,  114 

poisoning,  724 

rivet  for  safety  lamps,  558 
Lead-bearing    sandstone,    Mecher- 
nich,  17,  54 

mode  of  working,  339 
Lease  system  in  Colorado,  762 
Leather  packing  for  pumps,  478 
Leats,  311 
Leavitt  stamp,  594 
Le  Chatelier  gas  tester,  539 
Legal  definition  of  the  term  lode,  8 
Legislation    affecting    mines    and 

quarries,  685,  703 
Leg,  or  side-prop,  247 
Legrand's  steel  sleeper,  373 
Lester's  stone-breaker,  586 
Level,  ventilation  of  end  of,  520 

use  of  air-sollar  in  ventilating 
end,  522 
Levels,  driving,  234 

iron  and  steel  supports  for,  272 

lined  with  masonry,  267 

methods  of  timbering,  247 

ventilating  lower,  525 
Leyner  rock  drill,  205 
Liability  Act,  Employers',  699 
Lid,  260 

Lifting  pumps,  477 
Lifts  (Cleveland),  335 
Lighting  workings,  549 
Lime  cartridge,  222 
Limestone,  bituminous,  21 

burning  of,  662 

mining,  329 
Limmer,  water- flush  at,  341 
Lining  boards,  474 

bore-holes,  145 

tube,  boring  by  revolving  the, 

130 
tube  for  brine  well,  323 

Linkenbach,  stationary  table  of,  620 

Liquefaction  of  carbonic  acid,  663 

use  of,  in  dressing,  650 
Liquid  emanations,  1 1 2 
Listings,  253 

Little  Champion  drill,  136 
Little  Hercules  drill,  197 
Little  Vixen  drill,  197 
Little  Wonder  drill,  205 
Li  veing's  indicator  for  fire-damp,  538 
Loading  kibble,  431 

skip  in  shaft,  436 
Loaming  (Australia),  121 
Lochs,  definition  of,  6 
Locked  coil  wire  rope,  426 

socket  for,  429 
Lockhart's  gem  separator,  617 
Locks  for  safety  lamps,  558 


Locomotives  for  underground  use, 

385 
for  use  at  the  surface,  400 

Lode,  definitions  of,  5 

legal  definition  of,  9 

modes  of  working,  344 
Lode-lights,  113 
Lodestuff,  10 

Lodes,  conditions  affecting  produc- 
tiveness of,  1 1 

formed  by  alteration  of  the  en- 
closiug  rock,  7 

length  of,  along  strike,  1 1 
Log- washer,  578 
Lofting,  274 
Longwall  workings  for  copper-shale 

at  Mansfeld,  341 
Jjoose  ground,  supporting  excava- 
tions in,  251 

timbering  levels  in,  247 
Loss  in  dressing,  675 
Lovett-Finney  magnetic  separator, 

644 
Low-tension  fuse,  234 
Lowmoor  jacket,  751 
Lubrication  of  mine  waggons,  380 
Liihrig  concentrator,  628 


M 


McDsBMOTT  sizer,  608 
Machine  drills,  192 

for  cutting  grooves,  211 

sampling,  678 

sieves,  6oJS 
Machinery,  accidents  from,  748 

clothing  for  men  engaged  near, 
709 
Machines  for  sharpening  drills,  196 

tunnelling,  220 
Magnesium  ribbon  lamp,  553 
Magnetic  locks  for  safety  lamps,  558 

separation,  642 
Magnetite,  dressing  of,  643 

jigging,  667 
Main  and  tail  rope  haulage,  388 
Mallet,  or  sledge,  169,  174 
Man-engine,  571 

accidents  on,  743 
Management  of  mines,  767 
Manganese  ore,  dressing  of,  669 

occurrence  of,  57,  98 
Manometer,  or  water-gauge,  541 
Mansfeld,  adit  at,  462 

barracks  for  workmen,  710 

employes  living  in  own  houses, 

715 
method    of    working    copper- 
shale,  341 
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Mansfeld  miner's  hat,  70S 
Marble,  58 
Marsaut  lamp,  557 
Marsden*8  stone- breaker,  585 
Marsh-gas  found  in  mines,  510 
Marvin  drill,  210 
Masonry,  for  lining  levels,  266 
shafts,  268 

dam  in,  458 
Masses,  18 

methods  of  working,  359 
Matai  wood,  245 
Mather  and  Piatt's  boring,  156 

pumps,  501 
Mathet,  joint  for  air- mains,  184 
Matrix,  definition  of,  10 
Maul,  155 
Measure,  payment  by,  753 

and  time,  payment  by,  756 
Measuring  air  in  mines,  540 

staff,  246 
Meat  earth,  3134 
Mechanical  filling  of  veins,  14 
picks,  212 

processes  of  dressing,  575 
ventilation,  528 
Mechernich  magnetic  separator,  648 

barracks  for  miners,  7 10 
Medical  attendance,  deduction  for, 

729 
Mercurial  poisoning,  symptoms  of, 
723 
vapour  in    quicksilver    mines, 
514.516 
M^tales  fries,  1 10 
Metallic  supports,  272 
Metalliferous      Mines      Regulation 
Acts,  688 
accident  statistics,  735 
Methane,  510 
Mica,  dressing  of,  669 

mode  of  occurrence,  98 
Milling  method  of  mining,  326 
Mills  for  grinding,  597 

or  passes,  349 
Mine,  atmosphere  of,  509 
definition  of,  i 
derivation  of  word,  i 
management,  767 
Miner,  clothing  of,  705 

condition  of,  705 
Mineral  deposits,  classification  of,  3 
repositories,  anomalies  in,  17 
veins,     connection     of,    with 

faults,  89 
formation  of,  13 
Minerals,  ownership  of,  685,  689 
Minero  bird  at  Caratal,  115 
Miners*  cottages,  713 
housing,  710 


Miners'  inch,  definition  of,  319 
Miners  entombed,  744 
Minette,  50 

Minidres,  definition  of,  i 
Mining,  comparative  healthineas  of, 
719 
diploma,  698 
definition  of,  i 
labour,  principles  of  emploj- 

ment  of,  685,  752 
law  in  France,  i 
in  Italy,  i,  2 
in  the  United  Kini^dom,  i. 

685 
in  the  Unit«d  States,  8,  q, 
702 
rights,  686 
statutes,  685 

relating  to  Derbyshire,  686 
to  Forest  of  Deau,  6S6 
subdivision  of  the  subjects  2 
Mispickel,  treatment  of,  654, 655 
Miss-fire,  230 
Moil,  247 

Monazite,  100,  671 
Monier  system  of  using  concrete,  271 
Monitor,  313 

Monticolo's  penetrating  pulley,  219 
Moore  pumps  worked  undergroond 

by  hydraulic  power,  476 
Mortality,  comparative  figures,  719 
Mortar  of  stamp,  589 
Mortier  ventilator,  535 
Moss-box,  290 
Motion  of  particles  in  air,  631 

in  wat«r,  610 
Motors,  411 
Moulding-sand,  322 
Mueseler  lamp,  556 
Mulatos,  no 


N 


Nam  AQUA  Copper  Co.,  magnetic 
separator  used  by,  649 

Names  of  places,  information  af- 
forded by,  118,  124 

Natural  gas,  conveyance  by  pipe$, 

396 
extraction  of,  322 
occurrence  of,  5S,  98 
Natural  ventilation,  517 
Needle,  175 
Nernst  lamp,  560 
New  Zealand,  trees  used  for  mining 

purposes,  245 
Nickel  ore,  discovery  of,  103 

ores,  occurrence  of,  60,  98 
Nitrate  of  ammonium    explosives. 
229 
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Nitrate  of  soda,  mode  of  occurrence 
of,  62,  99 

mode  of  working,  304 

preparation  of,  669 
Nitrate  mixtures  (explosives),  223 
Nitro-cellulose,  224 
Nitrogen  in  mines,  513 
Nitro-glycerine,  225 
Nobel's  high-tension  fuse,  234 

Nog,  248 

Norberg  steam-stamp,  594,  064 
Northamptonshire,  mode  of  work- 
ing iron  ore,  304 
North  Lancashire,  dressing  haema- 
tite in,  667 
royalties  in,  685 
working  haematite  deposits,  363 
Nystagmus,  726 


0 


Oak  for  timbering,  242 
Ochre,  669 

Ochwadt's  water-gauge,  542 
Oeynhausen's  sliding  joint,  143 
Oil,  eflFect  of,  on  safety  fuse,  230 

engine,  178,  416 

fields,  64 
Oil-wells,  gases  met  with  in  sink- 
ing, 5" 
Oils  used  in  lamps,  $$2 

used  in  dressing,  649 
Old  workings,  xi6,  124 
Open-fire  drying,  634 
Open  lamps,  551 
Open  works,  303,  368 
Optimus  drill,  202 
Oregon  pine,  244 
Ormerod's  detaching  link,  442 
Otto*s  system  of  aerial  ropeway,  404 
Outcrop  of  lodes,  107 
Overburden,  303 
Overhand  stoping,  349 
Overlap  fault,  91 

Overstrom  concentrating  table,  626 
Overwinding,  447 
Ownership  of  minerals,  685,  689 
Oxygen,  absorption  of,  515 
Ozokerite,  dressing  of,  669 

extraction  of,  by  benzine,  652 

mines,  gas  in,  511 

occurrence  of,  63,  99 

purification,  639 


Pagkinq  plunger  pump,  482 

pump  bucket,  478 
Pacos  (South  America),  1 10 


Pan,  for  amalgamating  gold  ores, 
660 

for  prospecting,  576 
Pape-Henneberg  concentrator,  633 
Paragenesis  of  minerals,  97 
Parian  cement,  655 

preparation  of,  670 
Parsons' steam  turbine,  473 
Paruschowitz  bore-hole,  126 
Pass,  349 

best  form  of,  371 
Patterson's  stamps,  592 
Paxman's  roller,  601 
Pay-bill  for  payment  by  measure,  753 

value  of  product,  757 

weight,  755 
Pay-lead,  337 
Payment  by  measure,  753,  754*  755 

time,  752 

time  and  measure,  756 

value  of  product,  756 

weight,  753 
Peeker,  235 
Pelton  wheel,  470 
Penetrating  pulley,  219 
Penhalls   mine,    Cornwall,  succes- 
sion of  faults  at,  92 
Pensions,  731 
Percolation  of  surface  water  into 

workings,  557 
Percussion  tables,  625 
Percussive  drills,  194 
Perpendicular  shafts,  advantages  of, 

344 
Petrol  locomotive,  386 

Petroleum,  64,  99 

conveyance  by  pipes,  396 

extraction  by  wells,  322 
Petroleum  engine,  178,  416 

for  pumping,  473 

for  working  drill,  194 
Phosphate  kiln,  American,  636 
Phosphate  of  lime,  66,  99 

discovery  of,  103 

search  for,  by  piercing,  123 

treatment  of,  670 

weathering  of,  653 
Photometric  tests  of  light,  given  by 

safety  lamps,  555 
Physical  properties,  dressing  pro- 
cesses depending  on,  608 
Pick  and  gad  work,  168 

handles,  167 
Picking  by  hand,  578 
Picks,  165 

mechanical,  212 

sharpening,  167 

with  separate  blades,  167 
Pieler  lamp,  5 j8 
Pigsty  timbering,  250,  261 
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Pillaring  of  slate,  8i,  333 
Pillars  and  chambers,  working  wide 
lodes  with,  358 

left  as  permanent  supports,  328 

worked  away,  334 
Pine,  varieties  used  for  mining  pur- 
poses, 242,  243 
Pipe-lines,  396 

Pipes,  conveyance  of  minerals  by, 
above  ground,  396 

conveyance    of    minerals    by, 
under  ground,  371 

for  compressed  air,  185 

for  conveying  water,  311 

for  pump  column,  480 

wooden,  480 
Pitch  of  a  shoot  of  ore,  1 1 

purification  of,  639 

pine,  242 
Pit-head  frame,  420 
Plane  tables,  620 
Planing  machine,  605 
Plank  tubbing  for  shafts,  284 
Plants,     indications     of     mineral 

afforded  by,  113,  124 
Plaster  of  Paris,  655,  670 
Plat,  431 
Platinum,  99 
Plug  and  feathers,  221 
Plumbism,  722 
Plunger  pump,  477 
Plutonic  rocks,  3 
Pneumatic  hoisting,  455 

jib,  632 

power,  178 

pulverisers,  602 

stamps,  592 
Poetsch's  freezing  process,  297 
Pohle  pump,  501 
Points  and  crossings,  underground, 

376 
Poling,  251 

Pollution  Prevention  Act,  Rivers  700 
Poppet  heads,  420 
Porter  air-locomotive,  386 
Post,  253 
Potassium  salt  deposits,  69 

discovery  of,  at  Stassfurt,  99 

method  of  mining,  334 

treatment  of,  671 
Power  transmission,  178,  186,  240, 

469 
Precious  stones,  100 
Precipitation,  658 
Premiums  for  good  conduct,  767 
Preparation  of  ores,  574 
Preservation  of  timber,  245 
Pressure  of  air,  influence  on  health, 
728 

box,  312 


Pressure  of  air,  measuring  the,  540 

Pricker,  175 

Priestman*s  grab  dredger,  191 

Principles  of  employment  of  mining 
labour,  752 

Przibram,  deep  shafts  at,  430 
underground  fire  at,  745 

Probing,  122 

Prop,  260 

Props,  iron  and  steel,  2S3 

Prospecting,  102 

by  the  diamond  drill,  135 

by  the  diamond  drill,  cost  of, 

134 
Prospector,  qualifications   of,    123, 

125 
Provident  societies,  729 
Prussia,      accidents      from      man- 
engines, 
Pud<mng  machine,   Anstralia,  576 
Pug,  10 

Pulley-frame,  420 
Pulleys,  422 
Pulsator,  665 
Pulsometer,  499 
Pulverisers,  602 
Pump  column,  486 

express,  503 

for  extracting  brine  from  bore- 
hole, 324 

lifting,  477 

plunger,  480 

plunger,  advantages  of,  481 

Pohle,  501 

pulsometer,  499 

Riedler,  498,  503 

Rittinger,  484 

rods,  473 

valves,  482 
Pumping      engines,       compound, 

471 
duty  of,  505 

placed  underground,  496 

single  acting,  470 

machinery,  moving  heavy  parts 

of,  491 

plant,  491 

sand,  322 

Pumps,  centrifugal,  500 

drainage  by,  468, 477 

driven    by  compresed  air  or 

electricity,  477 

drowning  of,  480 

sinking,  505 

wooden,  480 

worked    by    hydraulic    pow«r 

476 

Purifying    water     from     dressing 

works,  700 

Pyramidal  boxes,  616 
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Pyrites,  Carnarvonshire,  83 

mode    of    working    in    North 

Wales,  328 
worked    opencast,    Rio    Tinto, 

307 


Qualifications  of  the  prospector, 

123,  125 
Quarries  Act,  700 
Quarries,  accidents  at,  749 
definition  of,  i 
raising  stone  from,  432 
slate,  331 
stone,  329 
Quarry  Fencing  Act,  7cx) 
Quartering,  sampling  by,  677 
Quartz-blows,  109 
Quenast    quarries,    premiums    for 

good  conduct,  767 
Quicksand,  Haase  process  of  sink- 
ing in,  301 
Foetsch  process  of  sinking  in, 

297 
Triger's  process  of  sinking  in, 
294 
Quicksilver,  chance  discovery  of,  103 
mines,  unhealthiness  of,  723 
ore,  occurrence  of,  70,  100 
ore,  treatment  of,  671 


R 


Rack-a-rock,  224 
Ragginff,  582 
Raibl  adit,  462 
Rails,  373 
Railways,  electric,  393 

surface,  400 

underground,  385 
Raky  method  of  boring.  142 
Rand  drill,  197,  142 
Rare  earths,  100,  671 
Ratchet  drill,  171 
Rateau  fan,  533 

steam  accumulator,  415 

steam  turbine,  473 
Rating  Act,  687 
Rates,  687 
Receivers,  183 
Recreation,  733 

Red  River,  tin  ore  got  from,  674 
Reflected  daylight,  working  by,  549 
Regulations  for  mines,  working,  687 
Reservoirs  for  compressed  air,  183 

for  hydraulic  mining  purposes, 
310 


Resistance  to  air- current,  543 
Rectangular  shafts,  238 
Regenerators,  488 
Rending  holes,  176 
Reticulated  masses,  19 
Retorting  amalgam,  639 

sulphur,  639 
Returning  charges,  755 
Returns,  Annual,  695 
Reumauz's  automatic  speed  checker, 

450 
Revolving  round  table,  620 

screen,  606 
Reversed  fault,  91 
Rewarewa  timber,  244 
Rice's  clutch,  391 
Richmond  v.  Eureka  case,  8 
Richness  of  lodes,  conditions  affect- 
ing, 1 1 
Riebeck's  stove,  637 
Riedler  compressor,  182 

pumps,  499.  504 

valve-gear,  498 
Riedler-  Stumpf      steam  -  turbine, 

473 

Riffles,  317 

Rigg   and    Meikle John's    machine, 

216 
Rio  Tinto  drill,  197 
Rise,  difficulty  of  ventilating,  421 

mode  of  ventilating,  423 
Rises,  method  of  timbering,  364 
Rittinger  pump,  484 
Rittinger's  percussion  table,  625 
Rivers    Pollution    Prevention    Act, 
700 

sinking  shafts  in,  by  freezing, 
297 
Roasting,  654 

Roberts,  C.  Warren,  sleeper,  375 
Robins  belt  conveyor,  395,  580 
Roburite,  229,  515 
Rock-boring  competition,  174 

-breakers,  583 

drills,  192,  241 
travelling,  214 

temperature,  C17 
Rods  for  man-engmes,  571 

for  pumps,  473 
RoUand's  fireless  locomotive,  385 
Rolls,  Cornish,  594 

Dunderland,  597 

Krom,  595 
Roof  of  a  bed,  definition  of,  5 
Root's  blower,  531 
Rope  boring,  151 

haulage,  387 

preventing  shock  to,  in  wind- 
ing, 452 

socket,  153 
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Ropes  for  winding,  steel,  423 

modes  of  capping,  429 

splicing,  430 

testing.  453 
Ropeways,  404 
Ropp  furnace,  658 
Rossignenx     system     of    counter- 
balancing, 489 
Rotatory  driers,  638 

idlns,  658 

machine  drills,  192 

washing  machine,  576 
Rothliegendes,  29 
Rothsclk>nberger  Stolln,  462 
Roumanian  miner*8  hat,  70S 
Round  tables  for  concentrating,  620 

for  picking,  579 
Rowoldt  8  stove,  636 
Royalties,  685 
Rnelle*s  stove,  636 
Ruins,  indications  afforded  by,  116 
Running  loop,  475 
Ryland's  glaiss-lined  pipe,  186 


Sabot,  709 

Saddle  reefs,  Victoria,  45 

Safety  appliances,  447 

catches,  451 

detaching  hooks,  447 

fuse,  230 

gear  for  hauling  men  at  Bory. 
slaw,  568 

Janipst  554 
Salt  briquettes,  672 

discovery  of,  in  Cleveland  dis- 
trict, 105 

excavating  by  water,  239 

extraction  by  bore-holes,  324 

minerals  associated  with,  106 

mines,  330 

occurrence  of,  75,  100 

preparation  of,  672 

works  affected  by  Alkali  Acts, 
698 
Sampling  by  hand,  676 

qaaitering,  677 

taking  out  sniall  lots,  676 

trenching,  676 

machines,  679 

object  of,  676 

shovel,  678 
Sandals,  709 
Sand-pump,  154 
Sand-reel,  153 
Sandstone,  bituminous,  21 

interstitial  space  in,  17 

lead-bearing,  5,  17 

silver-bearing,  17 


Sawing  machines  for  stone,  604 
Saws,  circular,  use  for  undercutting, 
215 

for  cutting  stone,  168 

timbermen's,  247 

used  in  getting  freestone,  329 

wire,  217,  241 
Saxon  gad,  168 

miner's  lamp,  552 
Schaffer  and  Budenbeig*s  speed  io- 

dicator,  570 
Schiele  fan,  534 
Schliigel  und  £isen,  168 
Schleumiihle  pump,  505 
Schools,  717 
SchulK*s  stove,  636 
Scotch  fir,  242 

lamp»  553 
Scraper,  175 

Screening,  606 

Screw-conveyors,  397 

Sea,  working  under,  458 

Seams,  17 

Seasoning  of  timber,  245 

Sectional  milling,  666 

Sector  wire  rope,  426 

Sediment-tabe    for  diamond  drill. 

Self-acting  inclines,  398 

Self -discharging  skips,  437 
advantages  of,  443 

Self-oUing  pedestals,  383 

Selvage,  definition  of,  10 

Separate  ventilation,  545 

Separator,  Frongoch,  617 

Jacom^ty  and  Lenicque's,  616 
Lockhart's  gem,  617 
siphon,  617 

Separators,  upward  current,  615 

Sets  or  frames,  249 

Shaft  accidents,  742 

Shafts,  arrangement  of  pumps  in. 
480,  491 
cost  of  sinking  in  watery  strata, 

288 
crooked  arrangement  of  pump 

rods  in,  475 
deep,  at  Przibram,  430 
freesing  process  of  sinking,  297 
for  working  mineral  deposits, 

326 
for  working  veins,  344 
Haase  process  of  sinking,  301 
Haeuser  process  of  sinking,  301 
Kind  •  Chandron     process     of 

sinking,  288 
lined  with  concrete,  269 
lined  with  masonry,  268 
linings  of  iron,  280 
linings  of  steel,  282 
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Shafts,     natural     ventilation     of, 

519 
natural  ventilation  bj  two,  517 

pillars,  366,  369 

Poetsch's  freezing  process  for 
sinking,  297 

rods,  474 

shape  and  size  of,  523 

timbering  of,  252 

Triger  method  of  sinking,  294 

use  of  air-pipe  for  ventilating, 
522 

water-tight  linings  for,  284 
Shaft-sinking,  234,  302 

through  bed  of  river,  297 
Shaking  tables,  625 
Sharpening  drill,  196 
Shaw's  gas-t«ster,  539 
Shaw  dnll,  197 
Shell  pump,  142 

Shipping  ores,  arrangements  for,  402 
Shoading,  121 
Shoad-stones,  121 
Shoe  of  stamps,  590 

wooden,  709 
Shoot  of  ore,  definition  of,  1 1 
Shoots,  395 

mouth  for  regulating  discharge 
of,  436 
Shovel,  165 

Shower-bath  for  miners,  717 
Sicilian  miner's  lamp,  551 
Sicilian  mines,  steps  for  descent  or 

ascent,  564 
Sickness,  718,  734 
Sidings,  endless  rope  system,  392 
Siemens-Halske  drill,  21 1 
Sieves,  606 
Sifting,  606 
Signalling,  446 

from  cage,  570 
Silicosis,  722 
Sill,  248 

Silver,  chance  discoveries  of,  103 
Silver  ores,  occurrence  of,  75,  100 

treatment  of,  672 
Silver-bearing  sandstone,  Utah,  17 
Simultaneous  fuse,  233 
Single-rope  haulage,  387 
Sink,  235 
Sinker- bar,  153 

Sinking  by  compressed  air  method, 
influence  on  health,  728 

Kind-Chaudron  method,  288 

Poet8ch,or  freezing  method,  297 

shafts,  234 

through  watery  strata,  cost  of, 
288 

Triger's  method,  294 

-pumps,  505 


Siphon,  draining  mines  by,  464 
Siphon  separator,  618 
Size  of  shafts,  523 
Skip,  436 

loading  in  shaft,  437 

self -discharging,  438 
Slag-heaps,  indications  afforded  by, 

116 
Slate,  circular  saws  used  for,  604 

dressing  machines,  605 

loss  in  dressing,  676 
mining,  333 

methods  of  working,  331 

Mines  (Gunpowder)  Act,  691 

occurrence  of,  79,  loi 

planing  machines  for,  604 

preparation  of,  673 

splitting  of,  583 
Sledges,  372 
Sleepers,  steel,  373 
Slickensides,  10,  S^ 
Slide,  88 

Slides  for  descent,  C63 
Sliding  joint,  Oeynhausen's,  143 
Sliding  scale  for  royalties,  686 
Slip,  506 
Slopes,  327 
Sludger,  142 
Slugger  drill,  197 
Sluices,  315 

Smidth's  ball-grinder,  600 
Snore-piece,  477 

Snow,  disappearance  of,  from  out- 
crop of  lode,  115 
Societies,  provident,  729 
Socket,  rope,  153 
Sole-piece,  248 
Solignum,  246 
Solution,  extraction  of  minerals  by, 

324 

preparation  of  borax  by,  650 

'    nitrate  of  soda  by,  650 
potassium  chloride  by,  650 
Sommeiller's  compressor,  180 
Sores  produced  by  arsenious  acid, 

722 
Sough,  462 
South  Staffordshire  Mines  Drainage 

Commission,  507 
Space  required  per  head,  in  rooms, 

712 
Sperry  vanning  table,  627 
Spalling,  582 

Spathose  ore,  calcination  of,  654 
Spear-rod,  472 

Special  rules  in  Cornwall,  723 
Speed  indicator  for  winding  engine, 

570 
Spider  (candle -holder),  551 
Spiles,  364 
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Spilling,  or  spiling,  251,  25s 
Spirml  drum,  419 
SpiUkasten,  616 
Spiulotteo,  617 
Splitting  air-carrent,  543 

«latcs83 
Spring  stamps,  592 
Springs  for  cage,  452 
Spruce  fir,  243 
Sqaare-set  timbering,  261 
Sqoih,  231 
Stalls^  328 
Suunps,  gravitation,  589 

high-speed,  592 

pneumatic,  592 

spring,  592 

steam-hammer,  593 
Standards  for  wire  ropeways,  4£» 
Stanley's  tunneller,  220 
Stannaries  Act,  701 
Stationary  engines  for  haulage,  386 

table  of  Linkenbach,  620 
Statistics,  Annual,  loi,  688 
Statutes  affecting  mines  or  quarries, 

687 
Steam  digger,  188 

engines  for  pumping,  470 

engines  for  winding,  414 

hammer  stamps,  593 

jet  for  ventilating,  529 

process  for  sulphur,  641 

shovel,  189 

stove,  636 

turbines,  473 
Steavenson  twist  drill,  194 
Steel    beams  used    for  supporting 
levels,  273,  276 

car  wheels.  379 

frames  for  levels,  276 
shafts,  282 

mine-waggons,  377,  381 

props  for  working-places,  2S3 

pump  rods.  473 

sleepers,  373 

supports,  277 

wire  ropes,  403 
Stein*s  endless  belt,  628 
Stemmer,  175 
Stempels,  349 
Step-fault,  88 

Steps  for  descent  and  ascent,  563 
Stock  works,  19 

quicksilver  ore,  72 

silver  ore,  79 

tin  ore,  19,  87 

zinc  ore,  87 
Stokes*  alcobol-reser\'oir  for  safety 

lamp,  538 
Stone,  occurrence,  loi 

preparation  of,  673 


Stone-breakers,  584 
Sloping,  overhand,  349 

underhand,  346 
Stopping  gear,  449 
Stoves  for  drying.  636 
Stowing.  352 
Strapping  plates,  473 
Stiatameter,  163 
Stratified  deposits,  4 
Straw  for  firing  shots,  231 
Stream  works,  tin  ore,  85 
Strength  of  explosives,  229 
Stretcher-bar,  209 
Stretchers,  750 
Strike,  definition  of,  5 

influence  of  change  of.  on  veins. 

Stringy  bark.  244 

Struve*s  ventilator,  53 1 

Studdles,  252,  259 

StuU,  349 

Sturtevant  mill,  603 

Sublimation,  formation  of  veins  by, 
16 

Subsidence,  368 

Suction  dredge,  191 

pipe  for  brine  well,  324 
pumps,  477 

Sudbury,  discovery  of  nickel  at,  103 

Suffocation  by  gases,  744,  746 

Sulphate  of  iron  used  for  preserving 
timber,  246 

Sulphur,  distillation  of,  641 
liquation  of,  639 
occurrence  of,  81,  10 1 
preparation  of,  673 
mode  of  working,  339 
seams,  outcrop  uf.  107 

Sulphurretted  hydrogen  in    mines. 

Sulphurous  acid  in  mines.  514 
Sump.  345 

Supporting  excavations,  242 
Surface  accidents,  748 

adhesion,  649 

drainage,  457 

indications,  106,  124 
Surveying  bore-holes.  160 
Surveys,  danger  from  inaccurate,  747 
Sussmann  electric  lamp,  559 
Sutro  Tunnel,  Nevada,  464. 
Swab-stick,  175 
Swage,  196 
Sword,  478 
Synclinals,  88 


Tables,  Buss,  627 
Ferraris,  627 
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Tables,    Jacomdty    and    Lenicqne, 
623 

Linkenbach,  620 

Overstrom,  626 

percussion,  625 

picking,  579 

plane,  620 

revolving  round,  620 

Rittinger*s  percussion,  625 

round,  620 

Sperry,  627 

Wilfley,  625 
Tabular  deposits,  5 
Tachy meter,  570 
Tailings,  259,  626 
Tamping  bar,  175 

charge,  230 
Tangye  pump,  497 
Tapering  ropes,  431 
Tappet  of  stamp,  590 
Taxation  of  mines,  687 
Teague*s  aspirator,  530 

noiseless  valve,  483 
Teak  for  timbering,  243 
Telephones  for  signalling,  447 
Tellurides,  45 
Telpherage,  409 
Temper  screw,  153 
Temperature  of  deep  mines,  517 
Temporary  dam,  461 
Testing  air  of  mines,  536 

ropes,  453 
Thawing  dynamite,  227 
Thickness    of    bed,    measurement 

of,  5 
Thrift,  729 
Throw,  or  heave,  88 
Throw  of  a  fault,  definition  of,  89 

determining  amount  of,  89 
Thickness  of  beds,  5 
Timber,    decaying,    affects    air    of 
mine,  515 
kinds  used  underground,  242 
preservation  of,  245 
seasoning,  245 
supports  compared  with  steel, 

274 
used  in  Africa,  243 
in  America,  243 
in  Asia,  243 
in  Australasia,  244 
in  Europe,  242 
withdrawing  from  rubbish,  356 
Timbering  in  loose  ground,  251 
levels,  247 

pigsty  system,  249,  260 
shafts,  252 

special  excavations,  Hartz,  257 
square-set,  263 
working-places,  260 


Time  occupied  in  descent  and  ascent 
at  Mansfeld,  569 

payment  by,  752 

and  measure,  payment  by,  756 
Tin  ore,  alluvial  deposit,  335 

calcination  of,  654 

dressing  of,  673 

lodes  in  granite,  7 

mines  affected  by  Alkali  Acts, 
698 

mining,  335 

occurrence  of,  83,  loi 

stock  work,  19 
Toadstone,  influence  on  veins,  13 
Tonite,  225,  515 
Tools  used  for  working  timber,  247 

used  for  boring,  165,  240 
Toothed  rolls,  597 
Torches,  551 
Transmission  of  power,   178,   186, 

240,  469 
Transport  above  ground,  395 

by  ropeway,  404 

underground,  370 
Transvaal  mining,  350 
Travelling  belts,  627 

rock  drills,  214 
Trays,  371 

Treatment  of  ores,  574 
Trelease's  valve,  483 
Trenching,  121 

sampling  by,  677 
Tribute,  756 

advantages  of  working  on,  758, 
761 

disadvantagesof  workingon,  760 

system  in  Colorado,  763 

at  Festiniog,  763,  766 
Triger's  method  of  sinking,  294 
Trimming  stone  by  hand,  583 
Trommels,  606 
Trouve,    apparatus    for    examining 

bore-holes,  163 
Trubi,  82 
Truck  Acts,  701 
Tubbing  for  shafts,  cast-iron,  286 

wood,  284 
Tube-mills,  600 
Tunnel-driers,  639 
Tunnelling  machines,  220 
Turbines,  470 

steam,  473 
Turn  plates,  376 
Tutwork,  753,  754 
Two-stage  compressor,  183 


U 


Umber,  dressing  of,  669 

searching  for,  by  probing,  122 
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Undercairents,  317 
Undercutting^  machines,  215 
Underground  air  reservoir,  183 

fires,  745 

pumping  engines,  496 

workings,  326 
Underhand  stoning,  346 
Underlie  or  underkiy,  definition  of,  9 
United  Kingdom,  ^eath-rate  from 

accidents,  736 
United   States,  legal  definition  of 
lode  in,  9 

mining  law  in,  702 

trees  used  for  mining  purposcH, 
242 
Universal  pick,  166 
University  mining  diploma,  698 
Unstratified  deposits,  4 
Upcast  shaft,  519 
Upthrow,  91 

Upward-current  separators,  615 
Upwards,  dust  from  boring,  721 
Uses  of  bore- holes,  126 


Value  of  product,  payment  by.  756 

Valves,  482 

Vanner,  627 

Vanning-shovel,  625 

V-bob,  475 

Vegetation  on  outcrop  of  lodes,  1 1 5 

Vehicles  for  surface  haulage,  397 
underground  haulage,  372 

Veins,  definition  of  term,  5 

heave  sideways  caused  by  slip 

along  line  of  dip,  91 
influence  of  change  of  strike 
on,  13 
of  enclosing  rock  on,  12, 13 
intersections  of,  12 
mechanical  filling  of,  14 
modes  of  working,  344 
name  applied  to  slate  beds  in 

North  Wales,  81 
origin  of,  14 
varying  width  of,  16 
Zimmermann's  rule  for  finding 
faulted  portion  of,  91 

Veinstone,  definition  of,  10 

Velocipedes,  573 

Velocity  of   air-current,    measure- 
ment of,  540 

Venezuela,  discovery  of  gold  in,  103 

Ventilating  appliances,  efliciency  of, 

542 
Ventilation,  509,  691 

artificial,  527 

compressed  air,  529 

effect  of,  on  timber,  515 

fans,  531 


Ventilation,  furnace,  527 

measurement  of  amount  of  air 
passing,  540 

mechanical,  528 

natural,  517 

separate,  545 

steam  jet,  529 

water-blast,  528 
Ventilator,  Mortier,  535 
Vibromotor,  608 
Victorian  Giant  drill,  134. 
Villiers'  stopping  gear,  450 
Viola  calaminaria,  113 
Volcanic  emanations,  sulphur  from. 
81 

rocks,  3 
Vugs,  definition  of,  6 


W 


Waddle  fan,  534 

Waggons,  372,  377,  573 

Wales,  barracks  for  workmen,  712 

Walker*s  circular  saw,  216 
compressor,  183 
detaching  hook,  449 
shutter  for  Guibal  fan,  533 

Walking,  563 

Wallaroo  lode,  discovery  of,  102 

Walling,  266 

Walling  stage,  435 

Wall-phites,  252 

Wall-posts,  256 

Walls  of  a  lode,  definition  of,  10 

Wardwell    stone-channelling     ma- 
chine, 214 

Warming  pan  for  dynamite,  227 

Washer,  Australian,  576 
diamond,  576 
revolving  drum,  578 

Washing  ores,  Ac,  575 

Wash-out  fault,  87 

Washing-pit,  576 

Water,    amount    used     by    siphon 
separator,  620 
amount  used  in  stamping,  592 
barrel  for  winding,  465 
column  compressors,  179 
excavating  by,  239,  310 
flowing  down  planes,  619 
flush  system  of  mining,  341 
for  rending  rock,  222 
from  dressing  works,  purifica- 
cation  of,  7cx> 

gauge,  541 

irruptions  of,  into  mines,  747 

jet  ventilating  apparatus,  528 

motion  of  particles  in,  610 

power,  469 

pressure  engine,  476 
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Water  spray  for  laying  dust,  721 
tanks,  automatic,  466 
transmission  of  power  by,  186, 

476 
wheel,  413,  470 
Water-Leyner  drill,  205 
Water  •  tight    linings    for    shafts, 

284 
Weathering    of    diamond  -  bearing 
rock,  652 
fire-clay,  653 
ironstone,  653 
phosphate  of  lime,  653 
Wedge ,<  168,  221 

Elliott  multiple,  221 
Wedging-crib,  285 
Weight,  payment  by,  753 
Wells,  322 

boring,    by    percussion,    with 
rods,  138 
with  rope,  151 
rotation,  126 
driven,  151 
Wells  light,  552 
Welsh  barracks,  712 

miner's  clogs,  709 
Wenstrom  magnetic  separator,  648 
Wery's  stopping  gear,  450 
West    and    Darlington,    hydraulic 
counterpoise,  487 
hydraulic  plungers  for  working 
inclined  rods,  476 
Westfalite,  222 
WetheriU    magnetic    concentrator, 

645 
Wetter-dynamite,  222 
Wheelbarrow,  372 
Wheels  for  mine-waggons,  379 
Whipsiderry,  412 
White's  sleeper,  374 
Whittaker  excavator,  189 
Whiting  hoist,  453 
Wiborgh  phosphate,  671 
Wicks,  candle,  549 
Wide  veins,  method  of  working,  350 
Wilfley  shaking  table,  62 < 
Williams'  water-blast,  ^li 
Wind-bore,  477 
Winding,  410 

drum,  417 

engines,  414 

machinery,  464 

men,  570 


Winding  pulleys,  420 

removing  water  by,  465 
Windlass,  4ti 
Windmills,  469 
Winstanley's  machine,  216 
Winze,  345 

Winzes,  use  of,  for  ventilating,  524 
Wire  ropes,  425 
Wire  ropeways,  404 
Wire  saw,  217,  241 
Wolf  safety  lamp,  558 
Wolf's  magnetic  lock,  559 
Wooden  pipes,  480 

plugs  used  for  rending  rocks, 
222 

pulley  frame,  421 

rods,  148 
Working  barrel  of  pump,  484 

in  constrained  position,  effect 
on  men,  726 

mineral  deposits,  methods  of, 

303 
places,  iron  and  steel  supports, 

283 
supported  by  masonry,  271 

timbering,  260 

regulations  for  mines,  687 

Workings,  laying  out  open,  300 

Workmen,  housing,  710 

Workmen's  Compensation  Act,  701 

Worthington  pump,  497,  505 

Wrist,  329 


Yellow  Jacket  mine,  heat  at,  706 
Yellow  wood  for  timbering,  243 


Zimhermann's  rule  for  finding  lost 

part  of  a  vein,  91 
Zinc   blende,    minerals   associated 
with,  loi 
Diepenlinchen,      method      of 

working,  365 
ores,  calcination  of,  655,  658 
dressing  of,  674 
occurrence  of,  85 
Zoelly  steam  turbine,  473 
Zwitter,  or  tin-bearing  rock,  84 
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